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CHAIRMAN’S MESSAGE

On behalf of the sponsoring agencies, NASA, Navy, DOT and FAA, ! ex-
tend our thanks to ali those who contributed to a successful I.TA Workshop
at Monterey, California, in September, 1974. Well beyond our expectations,
the magnitude and treadth of representation was gratifying. Our purpose
for sponsoring the workshop was to provide a timely forum for the exposi-
tion and discussion of current views, ideas, and activities on all aspects of
LTA. With no intent to develop an advocacy position, either for or against
LTA, we wanted to objectively survey those facts and speculaticns whicn
abound amid the recent revival of interest. This we accomplished, and
more. Through the confluence of opinions, prejudices, and ideas, often di-
verse but always in the spitit of camaraderie, this intense week focusing on
LTA established a watershed from which future activities wili flow. And, in-
deed, much work iies ahead. If the full potential of LTA is to be realized, it
will require the collective efforts of industry, government and the universi-
ties. To assist in this effort, the Workshop Report and Proceedings provide
an extension of a memorable week in Monterey.

Alfred C. Mascy
General Chairman
NASA Ames Research Center

T, TR SBG 4RT
PRI T g St iy T PR



Ei ea

‘,\\m

¥

3

ki

gt

SIS NS ’~\ ‘&ﬁi{iy(
DD

o
Ll ¥ :_f)

951

-

]

PR . LI

SRS 4 R YD

B St e et

RS

e Gy B e A Rt o T pTes e
e et by SR e 6B s B L - PERERSLA AR PR S R ,»"" 7 s

TABLE OF CONTENTS

Chairman’s MesSsage Alfred . Mascy ...............coooeiinimiiieiiiiieinnaaann... iii
Prefaco  Joseph F. VIteK, dr. ..ot e e e e e ix
Exhortation Where Do We Go From Here? — Charles E. Rosendahl .................covovu... xii

Economic and Market Analysis

Basic Relationships for LTA Economic Analysis — Raymond A. Ausrotas ................. 1 7/

Preliminary Estimates of Operating Costs for Lighter Than Air )
Transports — C. L. Smith, M. D. Ardema ........... ..ottt iiiaaanns 7

Comparative Airship Economics — Robert Harthcorn ..............ccooiviininnieennn.. 21 .

Effect of Present Technology on Airship Capabilities —

Robert T. Madden, Frederick BIOBISCRON .. ...................uuruunnnaaannaeaeaenennns a1
Airship Economics — Richard ©. Neumann, L. R. “Mike" Hackney ............... ....... 41
Some Economic Tables for Airships — Richard D. NEUManN ..............coeeeeenennn... 53 -

A Study of Design Trade-Offs Using a Computer Model —
Stephen CoUugGhIIN ..o e e 63

An Economic Comparison of Three Heavy Lift Airborne Systems —

Bernard H. CarSOn . .. ...t e e 75 -

An Approach to Market Analysis for Lighter Than Air Transportation of

Freight — Paul O. Roberts, Henry S. Marcus, Jean H. Pollock .................c.ccvvv.... 87

Market Assessnment in Connectlon with Lighter Than Alr —

JOhN E. R WO0d .. e e e im
Technical and Design Considerations

Basic Relationships for LTA Technical Analysis — Raymond ». Ausrotas ................. 123 D//

The Effects of Selected Modern Technological Concepts on the

Performance and Handling Characteristics of LTA Vehicles — CarmenJ. Mazza ............ 133 /2

Boundary Layer Control for Alrships ~ F. A, Pake, S. J.Pipltone ........................ 1470/3

Airship Stresses Due to Vertical Velocity Gradientz and Atmospheric

Turbulence — DUNCAN ShBIAON ... ..ottt ettt e e 157 /Y

An Aerodynamic Load Criterlon for Airships — DonaldE. Woodward ..................... 169 ../ /5

The Planar Dynamics of Alrships — FrankJ. Regan .............c.coviiiiinenenvennnns. 177 1076

—

Feompings 1) st ¢

et

e

EEU I



PN L - R I K A onets « AR BT oA

Y

-
L ISep——

\

T W AP s ey

— A R

Floating vs. Flying, A Propulsion Energy Comparison — Fendail Marbury .............

Long Fluid Filled Bags Suspended by Line Forces — M. L. Mullins, J. L. Duncan ........

Computer Aided Flexible Envelope Designs — RonaldD.Resch .....................

LTA Application of a Long Trailllng Wire High Speed/Low Weight Reeling

System — D. F.WorD ... . i i e e i e
Materials, Manufacturing and Operations

LTA Structures and Materials Technology — NormanJ.Mayer ........................

Potential Contribution of High Strength, High Modulus Aramid Fibers

to the Commercial Feasibility of Lighter Than Alr Craft — D. L. G. Sturgeon,

T K VenKatachalam .. ...t i i it e
AirshipConstruction =~ JohnRoda ........... ... ittt iiiiianeeann,

Operctional Considerations for the Airship in Short-Haul Transportation —

Char .8 D WaAIKBE ... i ittt ittt ittt ie it enreeeenneinesnrnssnonnanns

Design Aspects of Zeppelin Operations from Case Histories —
Waltar . MalOI S POIgOr . ... o vt ittt ittt ettt etinseneeanennasneonsensneansonnns

Lighter Than Air: A Look at the Past, A Lock at the Possibilities —

B LT T ] 4T - S

A New Concept for Airship Mooring and Ground Handling — John C. Vaughan .........

Modem Airship Design Concepts

The Slate All Metal Airship — Claude C. Slate, Richard G. Neumann ..................
State of the Art of Metalclad Airships — V. H. Pavlecka,JohnRoda ...................
The Aerospace Developments Concept — JohnE.R.Wood .........................

Method for Transporting Impellent Gases — HermannPapst ........................

The Design and Construction of the CAD-1 Alrship — H. J. Kleiner,

R.Schnelder, J. L. DUNCAN ..., ..ttt ettt ans
A LTA Flight Research Vehicle - Fred R. Nebiker ...... .................. ..ol
The Airfloat Heavy Lift Prolect — EdwinMowforth .......... ... .. ... .............
Hybrid Airship Design Concepts

The Basic Characteristics of Hybrid Alrcraft —= J. 8. Nichols .........................

A Semibuoyant Vehicle for General Transportation Missions —

C. Dewey Havill, Michael Harper . ....... ...ttt ittt eiinnnn.

vi

... 187/

o109, Y



®

B Ty LT AN, TR ST PV IR i 3 - T

PR

A
0]
%

i

A R

W7

Some Aspects of Hybrid-Zeppelins — Paul-Armin Mackrodt

Ultra-Heavy Vertical Lift Systems—*The Heli-Stat” — Frar.k N. Piasecki

The Variable Density Aircraft Concept — A. C. Davenport

Airship Applications

Roles for Airships in Economic l)evelopment — George J. Beier,
Gerardo Cahn Hidalgo

The Application of the Airship to Reglions Lacking in Transport Infrastructure —
Stephen Coughlin

Military Applications of Rigld Airships — BenB. Levitt .................................
Potsntial ASW Missions for Lighter Than Air Ships — Richard S. Stone,

Bernard O. Koopman, Gordon RaisbecK ......... .. oottt
Antisubmarine Warfare (ASW) — A Specific Naval Mission for the Airship

{Abstract Only) —Louis J. Free, Edwin E. Hanscn

The Surveillance Airship (Abstract Only) — L. E. Mellberg, R. T. Kobayashi..............
Airship Logistics? The LTA Vehicle: A Total Cargo System —
L. R. “Mike” Hackney

The Transport of Nuclear Power Plant Components — S. J. Keating, Jr. ...................

Airships for Transporting Highly Volatile Commodities -— Miles Sonstegaard

Using Lighter Than Air Vehicles (Dirigibles) in Housing Construction —
E. E. Shamis, V. B. Moorychev

Environic Implications of Lighter Than Air Transportation — Patrick l{orsbrugh

Unmanned and Tethered Systems and Applications

Aerocrane—A t1ybrid LTA Aircraft for Aerial Crane Applications —
Russel G. Perkins, Jr., Donald B. Doolittle

Unmanned Powered Balloons — Arthur O. Korn

Special Problems and Capabilities of High Altitude Lighter Than Air Vehicles —
P. R. Wessel, F. J. Petrone

A Practical Concept for Powered or Tethered Weight-Lifting LTA Vehicles —
M. Alain Baliayguier

A Revolutionary and Operational Tethered Aerostat System lllustrating New
LYA Technology — James A. Menke

Technology Update—Tethered Aerostat Structural Design and Material
Developments — Robert G. Witherow

................................................

vii



P

= enr e o .

o er—.

Two Lighter Than Air Systems in Opposing Flight Regimes—An Unmanned

Appendices

Short Haul, Heavy Load Transport Balloon and a Manned, Light Pa, ‘oad L )
AIrship — R A PONL ..ottt 637/ 7

e
Balloon Logging with the Inverted Skyline — C. Frank Mosher ... ...................... 6517 7
“LOTS” of LTA Applications — Jay S. BIOWN . ..........ooouunoeeiiee e, 66717
Remotely Plloted LTA Vehicie for Surveillance — Gerald R. Seemann, / /
Gordor. L. Harris, Glen . BrOWN .. ....... it 679
LTA Bibliography — Richard D. NEUMaNN .....................ooooroeoneeee i, A
AUTROME . . 689

vili



AR Y

s 4 <t o N 55 oo Al IR RS
y&vj&;m«»m 1 S AR I R BRI R S

PREFACE

In the past few years there has been much dis-
cussion both in the United States and abroad of
the ability of Lighter Than Air vehicles to meet
future transportation needs. Many of the propos-
ed uses and missions seem promising However,
Lighter Than Air is not withcut its problems. Al-
though modetn technology may be abie to over-
come these problems, the ultimate issue could be
the economic feasibility of Lighter Than Air.

The Potential of LTA

The airship has certain advantages over alter-
nate modes of transporiation. Like a ship or
targe, i1t can move large bulk and weight ship-
ments over long distances. Unlike a ship or barge,
it need not follow established waterways. Nor
does it require terminal facilities other than at its
home base. The airship offers these same advan-
tages over railrnads and has considerably greater
capacity than trucks. Even though a high-cargo-
capacity airplane could be developed that might
match an airship s payload, it would require targe
runways at both ends of its trip. Thus, the airpiane
lacks the airship’s flexibility.

Because of the inherent advantages, several
LTA missions can be identified. One often men-
tioned is the use of LTA in developing nations to
move bulk commodities and crops out of other-
wise inaccessible areas. Another rission is the
transportation of bulky machinery {such as nu-
clear power generatics: equipment) too large to
move over normal highwavs or rail right-of-ways.
Large capacity, coupled witt; the ability to hover,
makes LTA a candidate for ¢~ “struciion tasks—
the proverbial 'sky hook'. These same character-
1stics could be used for disaster reliaf when nor-
mal transport facilities are damaged.

Other uses such as spraying crops, gaoingical
surveying, archeological expeditions, military re-
cennaissance and anti-submarine missions aic
also feasible.

For passenger travel, the airship could revive an
era of elegance no longer available. Although
some feel the airship might compete for city-
center to city-center short haul tratiic, its true
role would probably be the “'cruise iiner” of the air.

All these uses, coupled with the airship’s po-
tential for low poliution, low noise and energy ef-
ficient flight, have rekind!ed pubiic interest and
imagination.

The Problems of LTA

The promise oi LTA is not without its problems.
Most are directiy related to the large size of a
Lighter Than Air craft.

GROUND OPERATIONS

Although LTA vehicies may hover wiile trans-
fernng cargo, etc., they still have a requirement
for home bases for maintenance, repairs and re-

furbishing. The least this will require is an open
area and a mooring mast or other tethering device.
For some of the larger airships proposed, the
clear area needed for maneuvering, particularly in
response to wind shifts, could be quite extensive.

Ground handling techniques present a second
problem.. By the mid-1930s the hundreds of
ground handlers required in earlier days had been
reduced through mobile masts and winches, al-
though many ground personnel were still needed.
Refinements introduced by the Navy during the
1940s and 1950s reduced blimp ground crews to
three or tour men, But even today, about 10
ground handlers are neeced to land a Geodyear
blimp, a relatively small Lighter Than Air craft, at
sites not equipped wiih mobile equipment.

An additional operational problem occurs whern
payload is taken on board or discharged from a
Lighter Than Air vehicle. Uncer normal operating
conditions, an airship has approximately neutral
bucyancy. When the airship is loaded or unloac
ed, its weight changes, destroying tire equilibrium
condition. Normally, ballast is also loaded or un-
loaded to retain the neutral state {(although re-
duct~g the amount of lifting gas would have the
same effect). This means that if the airship is de-
livering or picking up cargo at some undeveloped
site, there must also be provisions at the site for
ballast and transferring that ballast. Alternatively,
some on-board system is needed to change the
gas volume. But such a system may be too heavy
to justify.

AIR OPERATIONS

The replacement of hydrogen with non-flam-
mable helium as the lifting gas has shifted the
major danger of an airship catastrophe from fire to
structural failure in violent weather. Undoubtediy,
better structures can be designed today than 40
years ago. And modern materials can provide in-
creased strength with decreased we.ght. But as
the size of proposed airships increases so do the
bending and twisting forces that may arise during
operations. The structures required to meet the
dynamic forces encountered by the large airships
proposed by many may impose weight penalties
due to safety considerations and decrease pay-
loads, even if modern materials and techniques
are applied.

Another structural problem is maintainability.
Minor ground handling errors may damage the
skin or interior bracing leading to substantial
downtime for repairs. Questions of damage sus-
ceptibility, structural integrity and maintainability
raise doubts as to the reliability of airships and
their ability to reach the degree of utilization
needed for commercial success.

Technological Solutions
Technology available today or in the foresee-
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able future can aileviate many of these problems.
Perhaps the most useful technological innova-
tions would be the application of modern sensors
and variable thrust anc direction engines to both
stabilize position and perform precise maneuvers.
As in the Apollo spacecrafi, inertial sensors that
detect directional and rotational forces can be
coupled through a computar to active control sys-
tems. This would allow rapid detection of unde-
sired motion and the application of corrective
forces to counter the motion befcre it becomes
too severe, improving ground handling anc air
operations.

Television cameras could be used to monitor
the parts of the airsihip not directly observable.
They would a'so provide the crew with extra eyes
during precise maneuvers such as docking. Radar
altimeters would provide better knowledge of alti-
tude. Better radio and navigation equipment
would provide considerably more information
than an old and experienced zeppelin captain
would have ever thought possible.

Modern weather prediction techniques and fre-
quent forecast updates would allow the safe cir-
cumvention of storms, as would airborne weather
radars.

Computerized structural design techniques
would permit more accurate analyses of the
stresses and strains an airship would have to en-
dure. This, coupled with tocay's knowledge of
storm intensities and shear forces, would lead to
structures designed to withstand the worst weath-
er possible. And the application of titanium and
composite fiber materials would minir-‘ze the
weight of these structures. New synthetics are
available to make stronger white fighter-weight
coverings.

In short, the technology is available to address
many of the problems of Lighter Than Air. An un-
answered question is whether the demand for
Lighter Than Air services is sufficient to offset the
costs of this technology

Economic Issues

For any new metnod of transportation to gain
acceptance, it must offer an improvement over
existing systems in terms of performance or cost
or both. Therefore, to be a success, Lighter Than
Air must capture traffic from an existing mode of
transporiation by offering a better service or gen-
erate new traffic by offering services r.ot currently
available. In a military context, LTA must be able
to perform missions better or cheaper than at
present, or offer a capability desired but not cur-
rently available.

GENERAL DEMAND

Although one can hypothesize what new mar-
kets or types of traftic might be developed it com-
mercial airships did exist, the demand for such
applications is limited. It is doubtful whather a
potential airship manufacturer would commit cor-
porate funds for LTA development based on such
speculation alone. Therefore, for the private sec-
tor to take the lead in airship development, there
must be sufficient general demand for airships

based on current transportation patterns to justify
the investment risk of a manufacturer.

LTA's ability to lure traffic from other modes
will depend on the cost and speed of the service it
can offer as compared to the competition’s. These
characteristics can easily be determined for cur-
rent methods of transport. Likewise, reasonable
estimates of airship speeds and payloads are
available. But to date, the cost of airship service is
largely unknown because few accurate data points
exist.

SPECIAL MISSIONS AND MARKETS

It 1s possible that a potential user could have &
specific mission so suited to LTA ana so expen-
sive or impossible bv other means that he would
be justified in paying the manufacturer's develop-
ment cost as weil as paying for the airship itself.
But because the development cost may run into
the hundreds of millions of dollars, there are few
potential users who could afford the initial invest
ment. in some cases, an industry as a whole
might be able to raise sufficient capital, but com-
petitive pressures or anti-trust laws might prevent
cooperative ventures.

The only customers that can clearly satisfy the
criteria of specific missions suited to LTA and
suificient funds to underwrite development are
governments, particularly their military branches.
But, at least in the United States, the cost effec-
tiveness of LTA must first be proven without a
doubt to military leaders, the Defense Department
and the Congress before funds witl be released.

In a broader context, governments wuuld be
justii:ed in supporting the LTA development if
society as a whole would benefit from its intro-
duction. Because the private sector is rarely re-
warded fcr reducing the social costs of poilution,
noise and energy consumption, corporate cost-
benetit analysis may indicate that an investment
1« not worthwhile far the company alone. But that
same nvestment might be very worthwhiie for so-
ciety collectively. In such a case, the government
should act. Unfortunately for LTA, this concept of
total social costs, though coften oiscussed, is
rarely the basis of government action unless asso-
ciated political pressures are brought into play.
And LTA has a small {obby at this time.

Institutional Constraints

A tinal set of problems is that imposed by gov-
ernment regulation, union contracts and the like.
How will airships be certified? The Federal Avi-
ation Administration has been attempting to de-
veiop standards for STOL aircraft for several
years, although the differences between STOL
and conventional aircraft are not that dramatic.
How long will it tahe to develop standards for
commercial airships? How will airships be tested?
What safety standards will apply?

How will airships be handled by the air tratfic
control system? At the least, because of their
re'atively low speeds and altitude restrictions,
special procedures of some type will be needed.

Will airships be operated by airlines? By ship-
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ping companies? Will certificates of public con-
venience and necessity be required?

Will the aviation or the maritime unions have
jurisdiction? Will the Civil Aerc~autics Board or
the Federal Maritime Commission have jurisdic-
tion? What of our international bilateral ayree-
ments? Will they apply or will new negotiations be
needed?

Although these issues are curruntly over-
shadowed by the technical and economic ques-
tions, they must at least be considered.

The Lighter Than Air Workshop

As a first step toward resolving some of tnese
questions, NASA, along with the Office of the
Secretary of Transportation, the Federal Aviation
Administration and the United States Navy, con-
tracted with the Flight Transportation Laboraiory
of the Massachusetts Institute of Technology to
conduct a week-long workshop on Lighter Than
Air in September, 1974.

Workshops have been used for many years to
bring together a group of people knowledgeable
on a particular subject for an intensive period of
discussion and interchange of ideas. The ap-
proach used for the Lighter Than Air workshop
was tc have three days of papers and presenta-
tions on the current s:ate-of-the-art followed by
two days of working sessions to analyze the ma-
terials presented. The papers presented 1t the
workshop are documented in FTL Report 75-2,
Proceedings of the Interagency Workshop on
Lighter Than Air Vehicles. The outputs of the
working groups are documented in FTL Report
75-1. An Assessment of Lighter Than Air
Technology.

The goals of the Lighter Than Air workshcp
were to establish what facts are known about
LTA’s potential, what are the unknowns and, in
turn, what are the programs that could resoive
some of the unknowns. No iess important was the
assembling of Lighter Than Air experts for face-
to-face discussions for the tirst time in over forty
years.

The workshop did accomplish these limited
goals. It did not begin to answer all the questior:s
concernirg LTA. Rather, it pointed the way to an-
swerirg the questions and provided a platform for
further research to separate fact from specuiation
once and for all.

Joseph F. Vittek, Jr.

Editor and Workshop Director

Assistant Professor

M.1.T. Dept. of Aeronautics
and Astronautics
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EXHORTATION

The dean of rigid airshipmen living today, Vice Admiral Charles E. Rosendahl! began his Lighter Than
Air career in 1923. He was navigator and senior surviving officer of the first American-built large rigid air-
ship Shenandoah which crashed in a storm over Ohio on September third, 1925, with the loss of fourteen
of he- crew of forty-three. Commanded by Rosendahl, several of the Shenandoah's crew free-ballooned
the front half of the ship for over an hour before coming safeiy to earth.

Subsequent to the Shenandoah crash, Admiral Rosendahl commanded the Los Angeles from May,
1926, to June, 1930. During that period, he participated in the trials of the Graf Zeppelin in Germany and
was onboard for its first westward crossing of the Atiantic in October, 1928. As the U.S. Navy observer,
he also made the Graf Zeppelin's historic around-the-world flight in 1929.

After commanding the Los Angeles, Rosendahl served in the Bureau of Aeronautics preliminary to as-
sembling the flight test crew of the Akron, then nearing completion. He commanded the figh. triais of
that airship and delivered ner to Lakehurst where he assumed command after her cornmission i'; Octrber,
1931, and so served until June, 1932.

After two years at sea, Rosendahl was commanding officer of the Lakehurst Naval Air Station 1-om 1934
to 1938. He was present during the Hindenburg's 1936 use of Lakehurst as its western North Atlanuc ter-
minal and flew on her many times. He was commanding officer at Lakehurst when the Hindenburg burned
there on May €, 1937.

Several more years were spent at sea, with a brief return to LTA in 1940 when then Commander Rosen-
dahl was ordered to the Naval Department to activate the Navy's blimp program. During these sea years,
Rosendahl was promoted to Captain and commanded the Minneapolis in sevaral South Pacitic engage-
ments.

As of May, 1943, Captain Rosendahl was made Chier of Naval Airship Training and Experimentation
and Special Assistant for LTA to the Deputy Chief of Naval Operations (Air) and promoted to Rear Ad-
miral. In tnis position, he continued to play a major role in the outstanding cuccess of the Navy blimp
p-ogram duing World War Il

Although he retired rom the Navy in 1946 with the rank of Vice Admiral. his career in aviation was far
from over. He served tor nine years as Executive [Jirector of the National Air Transport Coordinating Com-
mittee, is an Elder Statesman of Aviation (Na'ional Aeronautic Association); Past President and Lile
Honorary Member of both the Wings Club ana the John Erriccson Society; and a Quiet Birdman.

Admiral Rcsenuahl was winner of the Harmen International Award (Aeronaut Class) in 1927 and 1950, a
member ¢! the Harmon Advisory Committee, 1948-1972, and Harmon Trustee, 1968-19,2. He also holds
the Navy Cross, Navy Distinguished Flying Cross and Navy Distinquished Service Meaoal.

After publishing tw2 books and numerous a-ticles on airships, Admiral Ro..endahl h:as taken a less
active public posture (.. several years, enjoying his retirement at FFlag Point, New Jersey. Thus, it was to
everyone's great enthu<rasm that Admiral Rosendahl agreed to te the honored guest anc' special lunch-
eon speaker at the wori.shop The text of his talk is reproduced below

WHERE DO WE GO

FROM HERE?
vAdm. C.E Rosendahl, USN (Ret.)

From the sidelines, i have been hearing and
reeding so much miscellaneous mattar relating tc
airships that this seemed a propitious occasion
for someone with actual operating experience in
the large types to come in as a free-lance critic
and discuss some of the pertinent topics with
you. Let me assure you that my comments and
criticisms are not intended to be discouraging, for
i too believe in the revival of airships and a suc-
cessful, useful hereafter for them in the fields for
which they are suited.

There are today very few of us ancient mariners
still around who, some years ago, partic pated in
the first chapter of the story of the rigid airship.
So it is comforting to see here, in this day and
age, some new personalities scanning this sub-
ject in which we still believe. Though most of you
a.g interested primarily in technical aspects of the
airship picture, we trust you will not ove-iook the
operational side, for the venicles discussed won't
operate themseives.

It is particularly pleasing to ime to 4ee again

FRECEDING PAGE BLANK NUT FlLAED



such experiencec airship pilots as Admiral Carl
Seiberlich, Admiral Dick Andrews, Captain
George Watson, Commander Ben Levitt, Profes-
sor "Red” Layton, Dr. Jack Harris, Bill Langen,
Bob Ashford, Wait Collins, Lyn May, James Sejd,
and that staunch airshipman Hepburn Walker.
George Watson and | sweat out many a situation
together in the big ships, but the others were toc
young, of course, to have served in the larga or
rigid airships of yesteryear. But *hey all {ypify a
number of similarly qualified men who possess
the basics derived from actually operating non-
rgid airships, to qualify them for valuable partici-
pation 1n the next chapter in which modernized
aircraft ot the rigid airship type will star.

But at the same time, we cannot afford to lose
sight of the non-rigid airships, “blimps” as you
may call them.

It is fortunate that Aumiral Seiberlich has his
eye on blimps too, for such craft, modernized and
equipped up to dat_, have capabilities for a variety
of necessary defense tasks. Two of these are anti-
submarine warfare and the protection of shipping.
By way of quick illustration, in World War !l our
navai blimps escorted some 89,000 ships at sea,
l.den with troops, equipment, munitions, sup-
plies, raw materiais, without loss of a single ves-
sel to enemy submarines. A good half of this rec-
ord was made in areas where hostile undersea
craft were known to be present.

The current oificial functions of the Navy in-
clude. “To organize, train, and equip Naval forces
fur ..antisubmanne warfare and protection of
shipping.” Yet, sad to say, for untenable reasons
the Navy currently has no biimps at ali.

But so important are these tasks considered by
detense authorities that: “To train forces. .to con-
duct anti-submarine warfar.: and to protect ship-
ping” 1S a designated task a/so of the U.S. Air
Force, albeit as a function termed “coliateral”.

| sense, of course, that your primary interest
here today is in the much larger or rigid airships.
Yet, you must surely recognize that the avalanche
of inspired airship publicity—sorme people would
no doubt style it obvious “propaganda’—has
sprung ajar the gates to discussion so widely that
in my allotted time 1t 1s possible for me to touch
upon anty relatively tew of the tempting topics
available

As a necessary preliminary, we should ‘*irst re-
view a few aeronautical terms to insure that we all
speak 'he same airship language and understand
what the other te''ow 1s talking about

The field of aeronautics, of course, embraces
both heavier than air aircraft and highter than air
aircraft. The former derive their lift aerodynam-
ically, the latter aerostatically from displacement
of air by some gas which weighs less than air.
HTA aircraft have only their aerodynamic lift.
However, LTA aircraft have not only their buoy-
ancy, but by tlying at an inchination genrerate an
aercdynamic hit increment which 1s very helptut.

In the HTA division we have “fixed wing" and
“rotary wing” specialists. In the LTA field, the
simplest forms are “free” and “captive” balloons,
with buoyant hft only. But shen we give balloons
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propulsion and guidance, they are “steerable” or
“dirigible” balloons or “airships”. The word “diri-
gible” began life as an adjective which basically it
stili is despite its semantically corrupt use as a
noun to denote only the “rigid” airship. Actually.
1n its defiled usage as 2 noun 'dirigible” could
apply to a ngid, a semi-ngid, or a non-rngic
(blimp) airship. Some folks even call them “‘zep-
pehins”, whereas zeppelin is a particular type of
ngid airship manufactured by the Zeppelin Com-
pany, as is the renowned 747 airplane a Boeing
747. So if we are talking about rigid airships, let's
say sO unmistakably.

There 1s a reason for this review of certain air-
ship terms Recently, airship publicists have em-
braced, and glonfied unstintingly, something
from the dream world in various configurations
labeled “hybnd” and imagined to be almost every-
thing to everybody, even though not a singie forrmn
of one has yet been designed, let alone been built.

Of course, there is already under active consid-
eration a pureiy heavier than air hybnd to result
from mating the helicopter with the airplane to
permr.it the resultant craft to take off ana land al-
most vertically as well as to hover for a while.
Cited in the ancestry of such rotatabie propeliers
are those of the rigid airships Akron and Macon
which with reversible engines could produce
thrust up or down, astern or ahead But let us
hope today's version of such variable thrust instal-
lations are considerably better than those of the
airship Akron days.

Genealogically, the herailded buoyant hybrid
would be part lighter than air and part heavier than
air. But no one knows yet whether the parts and
performance inherited from the two progenitors
would be the good ones, the mediocre ones, or
the worst So far they are only awescme “arlist's
conceptions™ on flat papes, revealing nothing of
what may be inside thewr cavernous carcasses.
Looked at coldly and calmly, the real intention
might well be just to graft onto an HTA vehicle
some LTA buoyancy

This situation reminds me somewhat of a lettyy
the Navy Department received in the eary days
when transport airplanes were 10sing an occasion-
al conflict with the laws of grawity A Congre',-
sional source urged the Navy to share its airsh,p
hellum supply so that airplanes coula be made
safer by putting helium In their wings And then
too there was the publicity-seeking gent who took
the precaution of putting ping-pong balls in the
wings of the plane he used in ciossing the North
Atlantic.

But, thank goodness, the buoyant hybrid idea
would first have to be scrutinized by engineers
and technologists, men to whom the slip stick
and the computer are a lot more convincing than
the eye-catching iliustrated printed page and the
siren songs of the television talking picture.

Thus tar at leest, the idea of the buoyant hybrid,
heralded as of simost universal capability, has led
to little excent possibly some diminution of in-
terest in the real airship. In my humble opirion.
the buoyar.t hybrid should not be ciassed as an
“airship” Rather, the cognizant authorities over
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such matters should designate the HTA hybrid
clearly as a member of the HTA aeronautical fam-
iy, but at the same time create a distinct addi-
donal cateycry in the field of aeronaut'zs for the
“neither fish nor fowl" buoyant hybrid Then, it
qualified technologists consider that the type has
potential worthwh:le value, by all means go ahead
and explore it, but don’t thereby stymie the mod-
ernized airship.

Admittedly, the world will always need imagi-
nation that can be transtated into useful reality. It
1s furthermore granted that the flood of general
airship publicity has generated a great deal of in-
terest in the broad airsnip subject. But laudable as
this is, one might wish it had been geared more to
operational realities, sc as not to put in jeopardy
the credibility of all its representations.

For example, 1t has been said that “...on the
ground, all the dingible [meaning airship, one as-
suines) requires is a flat clearing—-a grassy field
will Lo". Alc,, to make airship moorings where
needed, 1t has been proclaimed, the airship's own
crew could tie the ship cown by two or three “teth-
er” peints, run lines out and hammer stakes in the
ground. Would that life in the airship world could
be so simple!

Should these examples render suspect the de-
gree of accuracy permeating other publiciced
dreamhoat concepts? Recent airship propaganda
has contended that after its losses in rigid air-
ships the Navy gave up that type in favor of the
smaller, less costly Limps. In more ways than
one, tiat staternent 1s highly inaccurate.

First, the Navy has never definitely and clearly
announced its dropping of rigid airships, but rath-
er sneaked that in as an implication when an-
nouncing the termination of blimps.

The Navy dia not “qive up” rigid airships in
favor of blimps. The two types are not even in the
same league. Their functions ditfer widely; vne
could not substitute for the other And, we did
have some blimps at the same time we had the
ngids

Additionally, the propagandis*t said, biimp
operations were discontinued “as 4n €CONOMy
measure” Wrong agamn Airships of both tvpes
were exterminated with “malice atorethought”, as
| will sustain at tength in a coming book

But even though airships must suffer such in-
dignities as just quoted, perhaps we should be
thanktu! for the apparent disappearance of certain
other fallacio'  1items,

For example, rarely these days do we hear
about mooring an airship atop the kEmptre State
Building in New Yor or to other tall buildings
elsewhere There seems to have vanished alsu the
once-touted city-to-city pick-up-and-delivery ser-
vice by airshups using midtown roof tops as land-
ing platforms

Also, in my opinian there will join those ideas.
on the back shelt, the speculative use of large air
ships to take repeated rough air bedatings and ex-
posures to sandstorms, to sneak their great
tength and bulk through high and turbulent moun-
tain passes not infrequently obscured hy clouds
and thunderstorms in order to pick up popular
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garden products, then reverse the procedure and
distribute them over the continent

Yet, | am aware of the brief intimations that 1n
fight an airship’s heliurh might de alternately
vaporized or hiquified to help control buoyancy,
" ,omething done in the past by dropping baliast
and valving off gas".

Helium in the hiquid states requires heavy stor-
age fac.hities a. well as heavy facilities for chang-
ing it from gaseous to hquid form. Could the air-
ship afford the diversion of useful hft to such
weights plus the energy cost for helium liguifica-
tion? Why introduce cuch complications a* this
point of revival o' the airship, when they are not
necessary in the airship's proper field of employ-
ment?

As to “valving off gas” for buoyancy control,
with a little research the publicist could have
learned that “valving off gas" was practiced only
by hydr.gen-inflated airships. There have been
extremely few occasions when airships ever valv-
ed off helium In ‘he ngids, the weight .f fuel con-
sumed was compensated for by “water recovery
apparatus” which condensed and collected water
from engine exhaust gases, with an efficiency of
over 100% at tunes. Must we assume that th:s
particular airship publicist was unaware of “water
recovery” while viriting sc authoritatively on other
arrship technica! riatters, and recommending
much more costly, cumbersome, still unproven
apparatus for buoyancy conirol?

Sull another of the propagandist’s eye-catchers
in the drear viorid, 1n my opinion also headed for
the back shelt, 1s the simple sounding but highly
speculative propusition of having an enormous-
sized airship stand still as a statue and make a
"spot drop” with necessary "jeweler's pic 1sion’
of extremely heavy 1divisible mechanical a:.sem-
blies. That operation wculd require not >nly
heavy, expensive, coimphicated equipment for the
airship, but of even more importance, very unusu-
al cooperation of Mother Nature

As to the suggested complete 100-bed hospital
aboard an airship moored in a clearng In a
continental interior tc & simple stick mast brought
in by the airship itself, one marvels at the great
tmagination 1ts proposer must possess What a
workout tnis proposed project would be not oniy
for the 1solated airship's personnel, but also for
the airship itself 1n rain, snow, sleet, thunder-
storms, frontal passages, etc, as well as no!
being able to replenish its consumable necessi-
ties  Must we resort to such fantasy to try to
e:stablish that the airship can be a useful thing”
From the pracucability stanygpoint, ambition
should be made of sterner stuft From almost
every standpoint, it would seem far better and
cheaper simply to build an carth-bound hospital
tor “paople-to-people” sake About the only use
for airships not conjured up so far seems to be
carrying “coals to Newcastle”

Another publicized candidat for the back shelf
is thn suggested craft to be formec by the mating
of three small hulls horizcntally bacause, one
reasds, that “could ease construction and hand-
ing” First, aren't the craft's llying considerations
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the primary concern?

Next, it is a well recognized adage that putting a
given volume in thiee smaller conrtainers rather
than in one iarger one, in the aggregate requires
more container area and therefore more weight.

As for “ease in handling”, have we already for-
gotten that on Aereon’s first attempt to take its
three-hulled craft out of the hangar, an ill-man-
nered gust of wind flipped it over on its back, has-
tening the decision to abandon the whole project?

And as for the published idea of mating three
large blimp hulls pyramidically into one huge as-
sembly, inquiry has revealed no enthusiasm and
only great doubt from several of the most experi-
enced airship pilots | know.

Frorn the pen of a publicist one reads that: “A
dirigihle [apparently meaning a rigid airship] of
the "970’s would not si. ply be an improved larger
version of the Hindenburg or other pre-World War
i1 rigid airships, such as America's Akron and
Macon or Britain's R-100." Is that so? Is that pro-
nouncement made as a consensus of informed
opinion. or is it only its author's representation?
Whatever thinking it is supposed to represent, | do
agree with 1ts author about there never being
another R-100, nor, for more than one reason,
another of the Akron-Macon design. But with the
declaration that a modernized Hindenburg will not
be built, | am in total disagreement.

It cannot be denied that the Hindenburg was the
best rigid airship ever buiit, and a successful one,
and never came up with any structural deficien-
cies. Yet he' ‘earned critics would have us believe
that to her fundamental design there could not be
appiied “remarkable advances in propulsion, ma-
terials, guidance and control, navigation, aero-
dynamic theory, electronic data management,”
etc. To this has been added the statement that the
Hindenburg was underpowered; by whose stand-
ards was she underpowered? ! should like to know
—certainly not those of the designers and buiid-
ers of the ship. The critics have adced the enig-
matic impression that the Hingenburg “had to
have a crew continually adjusting and repairing
the craft”. Doesn't every ship have a crew on watch
to operate mechanisms, take readings and report
them, etc.? Does the subject commentator believe
that all the crew did was to go along for the ride?
The quoted inference coulc have been only some
layman's clumsy planted attempt to denigrate a
fine airship.

Nuclear propulsion admittedly is an enchanting
goal. But realistically, and regardiess of the ex-
tent of its pre-installation tests and trials, in any
first-time airborne installation, “bugs” which
cannot be anticipated will creep into its adapta-
tion and make unwise immediate tota! depend-
ence upon it. Thus, it would seem onrly prudent
to have as “insurance” a pair of additional propel-
lers conventionally driven. Furthermore, who
knows but that use of airborne ruclear power
overland may be forbidden?

As for passenger traffic, there has been nothing
but high praise for transoceanic travel hy airship.
But during the airship’s recuperative period after
s0 many years of neglect, passengers would con-
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stitute a most “‘emanding payload.

So let’s - . some realities and lay aside the
exotic proposais vcnjured up for buoyant hybrids.
The airship may achieve a modest increment in
operating altitude, but basicaily it is a low altitude
craft. As such, great ocean expanses beckon to
the airship, and offer the utmost in meteorological
or “weather map” navigation.

At sea, we tind waterborne freighters of very
low speeds. At the other end of the spectrum are
fast and ever-faster airborne freighters. This ever
widening spwed gap is open to the airship freight-
er, even if airships never become any faster than
the Hindenburg. The airplane provides the fastest
transport of cargo, the waterborne freighiers the
slowest. At a spee! of even only 4 to 5§ times that
of the latter, the airship can provide an additional
useful type of service. From contacts with them, |
know that Zeppelin designers and operators feilt
that a cruising speed of about 100 knots was
about all they saw any need for in airships.

An autnority like Aerospace Engineering Pro-
fessor Francis Morse says the airplane needs
cargo weighing arcund eleven pounds per cubic
foot for economical use of its capacity. “Morse
thinks his arship,” says Fortune Magazine,
“could outperform airpianes in carrying cargoes of
fairty high value but fairly low dencity. which in-
cludes most manutactured products.” Waterborne
frieghters haul cargoes for which speedy delivery
is of Ieast concern. Airplanes can carry certain
cargoes for which speedy delivery is mandatory or
at ieast essential, but at a correspandingly high
cost. And Morse has pointed out the general type
of intermediate cargoes which it is widely believed
would bring the airship plenty of patronage. So
that's the field in which the revived airship should
resume its place in the world.

So what should be done to modernize the Hin-
denburg design? There are numerous readily at-
tainable modifications for achieving the gcal in
addition to the simple conversion of passenger
spaces and accommodations into freight stow-
age. And when there is some agency or authority
set up to go into that subject on a serious basis, |
shall be glad to pass on my ideas on such updat-
ing. But at this point, | will state my firm convic-
tion that the modernized Hindenburg is the proper
basis for revival o! the rigid airship in the fields in
which rigid airships belong

But there are specific features which deserve
adequate attention now in anybody's airship
thinking, and here are a few. Boundary layer con-
trol has long been a topic of conversation, with
general agreement that it is a potential aid of great
value. Counter-rotating stern propellers fit into
the scheme. Vectored thrust is another worthy
goal. The maritime world has long known the
value of and is using the "bow thruster” for ma-
neuvering around docks without tug boats.

Jet Assisted Take-Off—JATO—once employed
by early flying boats, shculd not be overlooked. In
the airship world, the italian airship designer For-
lanini, in 1932 published information on a novel
and interesting maneuvering system he had just
instailed in a small airship of his. In the bow he

A
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had a centrifugal blower, and a similar one in the
stern, each with five outlets or valves for effecting
air streams. Thus, compressed air jets could be
directed at both ends of the ship, to give thrust
ahead or astern, upward or downwarr!, or to star-
board or to port. it was claimed that by the opera-
tion of these valves, independently or in combina-
tion, extreme maneuverability of the airship could
be obtained—it could revolve horizontally about
its center of gravity, rise or fall vertically or climb
or descend at a steep angle, and even move side-
ways, without discharging ballast.

It should be remembered that the LZ-127, the
old Graf Zeppelin, operated throughout her long
lifetime on a gaseous fuel called 'blau-gas” of
density of about 1.0. Since she was inflated with
hydrogen, the danger from the gaseous fuel could
be accepted. If a helium ship could perfectly insu-
late a gaseous fuel with its already contained lift
heiium, the combination wouid have great advan-
tages.

There is obvious great infatuation with metal
hulls for modern iarge airships or buoyant hy-
brids, seemingly traceabie to the ZMC-2. a very
small metal-hulled airship purchased by the Navy
some years ago. My advice to such enthusiasts is
w "'Stop, Look, and Listen” before they go over-
board with this idea.

One must indeed admi.e the development of
technique and equipment for literally stitching or
sewing together thin metzl sheets to form the hull
of the ZMC-2. But there are other considerations
of transcending importance which must be weigh-
ed, and the most important of all is the transmis-
sion of neat by the metal hulil.

To maintain its shape, the metal hull of the
ZMC-2 aepended partly on the pressure of the
helium within it, so the metal hull served also as
the helium container. This is contrary to the con-
ventional rigid airship wherein the helium celis
and the ship’s outer cover are separate, the space
between them also serving to ventilate the hull.

Without burdening this paper with the technical
details, let me say simply that because of the very
rapid transmission of heat to and from the
ZMC-2's helium, sudden fluctuations in altitude to
prevent loss of helium and great changes in her
buoyancy made the operation of this craft very
“tricky”. Indeed, the pilots regarded the ZMC-2 as
a "bucking bronco” of the air. Even while docked
in the hangar there could sometimes be heard
metallic “cries” of the hull in response to répid
temperature-pressure changes.

Yes, | hear comments about the “large ground
crews” the Hindenburg personnel wanted. But let
me assure you, our Naval airship personnel had
made great pioneering strides in the mechanizing
of airship ground handling of our own rigid air-
ships, improvements that unquestionably the
Germans would have adopted in time.

Providing whatever ground manpower the Hin-
denburg desired was no problem whatsoever.
There were always plenty of volunteers who re-
garded the arrivals and degartures of that ship as
awe-inspiring events in international history that
they didn't want to miss. Furthermore, our per-
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sonnel found these occasions of great value in

keeping current their knowledge of airships such

as we all thought would some day return in our
own inventory.

There seems to be floaling around an impres-
sion that the Germans themselves evidericed
being through with airships when they dismantied
the LZ-130, next in the Hindenburg series, early in
WW [l. Actualiy, they intended, after winning the
war, to go into rigid airships on a big scale, but in
WW 1l airships would have been of no value to
them. So they scrapped the LZ-130 and the stili
existing old Graf Zeppelin (LZ-127) and of course
made use of the fine alloys with which those two
airships had been constructed.

But behind th.s was their decision to get rid of
the two large airship hangars at Frankfurt which
were easy for approaching enemy bombers to spot
and use for position finding. Even more important
to the Germans was the hazard these two huge
structures on a totally blacked out field presented
to Luftwaffe pilots taking off and ianding there at
night.

Sincerely, | am enjoying all the papers and pre-
sentations being made here. As for my own paper,
it is realized that not every question in your minds
could possibly be answered on this single occa-
sion. But let's hope it has brought reatization that
more than enthusiasm is required to effect revival
of the airship.

Airship history becomes more and more con-
fused as author after author bemoans and pyra-
mids our pioneering losses, and presents his own
versions of the loss of the Shenandoah, the burn-
ing of the Hir.denburg, etc.,—events of nearly half
acentury ago. What is needed is ciarification, not
more confusion.

Just a loose confederation of “interested” par-
ties can’t hope to re-establish the airship. The
game isn't played by the cheer-leaders and the
rooting section. So, in my way of looking at the
situation, by far the most important decision to be
arrived at is that of authoritative cognizance over
airships and airship matters. Until that is attained,
there may not be any “party platform” on airships.
But pending he establishment of such cogni-
zance, perhaps we shall have to look elsewhere for
help

No doubt you remember from Greek mythoiogy
of youi school days that the stalwart and renown-
ed Greek hero Hercules was assigned to perform a
number of tasks that were considered very formi-
dable ones. Frequently mentioned is the ‘fifth
task” which consisted of cleansing the Augean
stables which for 30 years had been occupied by
thousands of cattle without ever having been
cleaned out. But Hercules wasn't awed for a mo-
ment. He simply joined two rivers together and
with their combined streams got the fiushing-out
job done in a single day!

So please, Mr. Hercules, wherever you are—
over the Island of Cyprus or elsewhere—and
whatever you are doing, please drop the bricks
and come on down and heip us clean up and
straighten out the airship situation.

I
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BASIC RELATIONSHIPS FOR LTA ECONOMIC ANALYSIS

Raymond A. Ausrotas¥*

ABSTRACT: Operating costs for conventional lighter than .
air craft are presented, based upon data of actual and #
proposed airships. An economic comparison of LTA with i
the B-747F is shown. A brief discussion of possible LTA
economic trends concludes the paper.

INTRODUCTION

In the field of Lighter Than Air, there is a wealth of performance
data and a dearth of economic data. Thus it is not surprising that
most discussions about the potential of LTA end in agreement chat

an airship of a given size could carry cut some specific mission,

but in disagreement as to how much it would cost. Since commercial
airship operations have not been undertaken for almost forty years,
this pauc.ty of data is not surprising, and any new proposal for
LTA--as far as its economic viability~-runs into immediate sus-
picion. It is not the intent of this paper to review the overall !
economics of LTA, but rather simply to present the supply (cost) side
of the equation.

*Associate Director, Flight Transportation Laboratory, Massachusetts
Institute of Technology, Cambridge, Massachusetts 02139
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ATRSHIP ECONOMICS

The unit cost of an airship is the first in a series of unknowns in
an economic analysis of LTA., This cost is determined by four basic
variables: total development cost (non-recurring costs), the anti-
cipated airship production run (required to allocate the development
cost to each airship), the construction cost (recurring costs),

and engine cost. Engine costs would be known before construction was
undertaken-~the other variables are largely unknown. (Also unknown
are such operational factors as need for hangars, mooring masts,
terminal buildings, as well as airspace utilization problems, etc.).
Estimates of development costs vary from $50 million to $500 million;
the number of airships needed ranges from 1 to 200; and construction
~ust estimates range from $0.50 per cubic foot to $4.00 per cubic
foot. Clearly no definitive answer can be given to the question of
"How much will an airship cost?"

Given some purchase price, the airship will be depreciated by the
operator over its useful life. 1If the price of the ship is $20
million and assuming a life of 10 years, straight line depreciation
results in annual ownership costs of $2 million. In U.S. scheduled
airline operations depreciation typically amounts to 10% of total
operating costs (direct and indirect). A possible annual operating
cost of the airship could be $20 million. However, consider ocean
tanker operations; here depreciation is typically 50% of direct
operating costs, resulting in direct operating costs of $4 million.
Adding 50% for indirect costs, total annual airship operating costs
amount to $6 million. Until airships have been in commercial opera-
tion for some time, it is hard to judge whether airships will be
more like shipping fleet or airline operations.

Howaver, it is possible to take a look to the past when transport
airships were in operation. This perspective should provide at
least an outline of the likely cost structure should LTA become a
commercial possibility.

Table 1 presents a detailed breakdown, in CAB Form 41 style (1931
dollars), of the pro forma costs for a metalclad airship of about

the same size as the Navy's Akron/Maconl. Depreciation was projected
to be 20% cf total costs, about in line with airline costs; indirect
operating cost was 50% of DOC; about the same as current freight
airline experience.

The total projected costs of the MC-72 ware probably unduly conserva-
tive. They were higher than those experien~ed by three commercial
transports, the Bodensee, Graf Zeppelin and the Hindenburg, as is
shown in Table 21,2,3,4,5. The Hindenhurg was practically a twin
for the MC-~72, and achieved about 16¢/avai'able seat mile, compared
to the projected 36¢/asm for the MC-72.

Figure 1 shows the improvement in productivity and decrease in costs
achieved by the Zeppelins as their capacity increased. The Goodyear

'
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airship design of 1945 appeared to be a realistic follow-on to the
Zeppelin line.

Table 1

Projected Operating Costs - Airship MC72 (1931 Dollars)

Based on:

Block Speed 68 mph; Pavload 20 tons; Utilization 3,000

hours; Available Seats 50; Volume 7.26M cu.ft.; Average Stage Length
3,300 miles; Airship Cost $5m.

Airship Operating Expenses (Per Block Hour)

4000

3000

2000

1000

Flyving Operations
Crew

59.0
Fuel and 0il 11.0
Helium (at $0.40/cu.ft.) 100.0
Insurance 204.0
Other 58.0
Total Flying Operations 432.0
Maintenance-Flight Ecuipment 135.0
Depreciation
Airframe 170.0
Engines 79.0
Total Depreciation 249.0
Total Airship Operating Expenses 81s.0
Per Airship Mile (3) 12,0
Per Available Ton Mile (%) 60.0
Per Available Seat Mile (¢) 24.90
Indirect Operating Costs (Per Hour) 408.0
Total Operating Costs (Per PFour) 1,224.0

Figure 1

Productivity and Operating Costs of Commercial Dirigibles

28 (LZ120)

(LZ127)

< (LZ129)
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Moving forward some forty years to Table 3, a similar breakdown of
costs is shown for two of the Southern california Aviation Council,
Inc. proposed airships4. The AMC-7.4 is about the same size as the
MC-72, and it is interesting to note that although the dollar's

value has decreased by a factor of akout 3 since the mid-thirties,
the operating expenses for the airship are assumed to have gone down
while the unit price of the airship has more than doubled. Deprecia-
tion of the newer airships is about 30% of total operating costs,
somewhat closer to ship operations, while indirect costs are assumed
to avesrage only about 10% of DOC.

Table 4 provides the operating expenses for a B-747 freighter flying ‘e
in the United States®. a comparison of the airship and aircraft

operating cost indicates that the aircraft costs are below those

anticipated for all the 7 million cu. “eet airships shown in Table 2- p
only at the super-airship sizes do costs become competitive with

the B-747. Then the insurance premiums of the large airships be-

come the dominating operating expense,

Although Table 2 shows the costs at current dollars, the actual value
of the dollar has deflated by 300-400% from the mid-thirties. However
it is not totally unreasonable to assume that airship expenses

would in fact decrease. The average U.S. scheduled airline cost

per available seat mile i. 1938 was 5.5¢,7 while in 1970 it had
decreased to 3.6¢/asm. However, the available seat miles during

this period grew from 1,067,793,000 co 264,903,850,000, and the
economics of scale, operating experience and increased safety which
the airlines gained during this period of 30 years have all con-
tributed to reducing costs. Clearly airships have not had thke bene-
fit of a similar learning period, and it is not quite correct to
extrapolate directly from airline data. Only after some years of
actual airship operations will it be possible to determine if

similar trends will held.

Table 3

Projected Operating Costs - SCACI Airships (1974 Dollars)

Based on: Airborne Speed 100 mph; Stage Length 2,000 miles, Utili-
zation 4,000 hours.

Airship Operating Expensesg AMC-7.4 AMC-42
(Per Airborne Hour) (Cost $13M, Ppay- (Cost $74M, Ppay-
load 60 tons) load 804 tons)
Flying Operations
Crew 143.0 154.0
Fuel and 0il 52.0 163.0
Helium 0.0 0.0
Insurance 189.0 1,125,0
Oother 0.0 0.0
Total Flying Operations 384.0 1,442.0
Maintenance 58.0 95.0
Depreciation 167.0 903.0
5
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Total Airship Operation Expenses 609.0 2,440.0

Per Airship Mile ($) 6.0 24.0

Per Available Ton Mile (¢) 10.0 3.0

Indirect Operation Costs (Per Hour) $8.0 206.0

Total Operating Costs (Per Hour) 707.0 2,646.0
Table 4

Estimated B-747F Operating Costs (1972 Dollars)
Based on: Block Speed 500 mph; Stage Length 2,000 miles; Utilization
3,000 hours; Payload 100 tors.

Aircraft Operating Expenses (Per Block Hour)

Flying Operations

Crew 300.0 .
Fuel and 0il 400.0
Insurance 50.0
Total ¥Flying Operations 750.0
Maintenance 500.0
Depreciation 500.0

Total Aircraft Operating Expenses 1,750.0

Per Airship Mile ($) 3.5
Per Available Ton Mile (¢) 3.5
Indirect Operating Costs (Per Hour) 900.0
Total Operating Costs (Per Hour) 2,650.0
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PRELIMINARY ESTIMATES OF OPERATING COSTS FOR
LIGHTER THAN AIR TRANSPORTS

C. L. Smith*
M. D. Ardeme*

ABSTRACT: Presented is a preliminary set of operating cost
relationships for airship transports. The starting point for
the development of the relationships is the direct operating
cost formulae and the indirect operating cost categories
commonly used for estimating costs of heavier than air commer-
cial transports. Modifications are made to the relationships
to account for the unique foatures of airships. To illustrate
the cost estimating method, the operating costs of selected
airship cargo transports are computed. Conventional fully
buoyant and hybrid scmi-buoyant systems are inve;tigated for

a variety of speeds, paylcads, ranges, and altitudes. Com-
parisons are made with aircraft transports for a range of
cargo densities.

INTRODUCTION AND SUMMARY

Much of the present confusion over the viability of modern airships can he traced to
the assumptions and methods used in the estimatjons of operating cosis. For example,
recent estimates of the direct operating costs (DOC) of airship cargo transports
range from 0.5 to 15.0¢/available ton-statute mile. Thiz paper will discuss a meth-
odology of airship cost estimation and present a preliminary set of operating cost
relationships for airship transports.

The starting point for deve]oement of the cost relationships are the DOC formulae of
the Air Transport Association' and the indirect operating cost (I0C) categories
developed jointly by Boeing, Lockheed, and Douglas®’. These methods are commoniy
used for estimating operating costs of commercial aircraft and are founded on exten-
sive operating experience and a vast data base. They are adopted in the present

*Aerospace Engineer, NASA Ames Research Center, Moffett Field, CA.



paper because of the many similarities between modern airships and aircraft. The
formulae are examined element by element to assess the applicability to airanips.
Modifications are made where appropriate, and areas of uncertainty are pointed out.
Additional elements required for airships, such as those associated with procurement
and maintenance of the buoyant gas, are Tormulated.

An airship performance model is necessary to define the airship corfigurations for

input into the cost model. Such a performance model suitabie for conceptual design
has been developed expressly for the cost model used in this paper. The methods of
performance analysis are discussed in the next section.

To illustrate the cost estimating relationships, the operating costs of selected
airship transports are coriputed. A conventional fully buoyant, and a hybrid semi-
buoyant airship are definad and discussed. The effects on operating costs of changes
in cruise speed, gross takeoff weight, range, and cruise altitude are investigated.
Comparisons are made with aircraft transports. The effect of cargo density on air-
craft operating cosis is assessed. The two airship configurations and the aircraft
are illustrated in Figure 1.

FULLY BUOYANT

A\ N
S Ve

HYBRID AIRCRAFT

Figure 1
Study Configurations

Any airship costing methodology must be regarded as highly speculative at the present
time. It is hoped that the cost relationships developed in this paper will provide

a temporary neans for estimating airship costs as well as providing a starting point
for developing more definitive relationships.
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METHODS OF ANALYSIS

Performance

The airship performance analysis begins with the caiculatic~ of gas volume, Vgag, and
envelope volume, Vpny, in terms of the specified buoyant 1ift, Lgygy, as followns

L
Veas = &uov
G (1)

o)
P L.
Veny * oaLT Veas

where Kz = .06 for Helium and p¢ %‘ and pAbT are tre atmospheric densities at sea
v

level and cruise altitude, respectively. Once VEny s known, the airship geometry
can be determined.

The aerodynamic analysis follows Appendix A of reference 3. After the Reynnlds

numbsr, RN, has been computed, the skin friction coefficient, C¢, is determined
from

Cf = .03 (2)
R
N
The bag drag coefficient is®
. 1/3 1/2 2.7
G - L d d
Opag “Cr 8 (7 +6 (D r2n (D ] (3)
where (%/d) is the fineness ratio. The drag coefficient is then
(n = C +C (4)
D Dgag D¢
where CDF accounts for the fin and other miscellancous cumponents of drag and is
taken as equal to .005 in the present study. The vehicle zero-1ift drag is deter-
mined from
Do = 9 Cp Sper (5)
where
- 2/3
SReF = VeV (6)
The lift coefficient is taken from reference 2 as
2 S
C, = (0.5n® sina + K sina cosu) o2 (7)

REF

9



[OOSR ——

~

K

B G LA TR e ey

where R is the aspect ratio, o is the angle of attack, Sp is the platform area, and
K =1.7 R R (8)
The drag due to 1ift coefficient, Cp;» is obtained from reference 5 as

Cp. = ¢ tana (9)

Dy

L

For the hybrid airship, the angle of attack is selected by setting CDO = CDi' The
vehicle dynamic 1ift and drag due to 1ift are

Lovyn = 9 CL Sger

(10)

Dy =4 Cni SREF

respectively. The fu. ' buoyant airship is assumed to fly at zero angle of attack.
Thus, the gross takeoff .eight, Wgrg, and total drag, D, are given by

W =L
GTOry Ly uovant  BUOY

(1)

DrurLy Buovant ~ Do

For the hybrid,

W = Loy ¥ L
GTOyyprip  BUCY = "DYN

(12)
Puverio = Do * O
The structural weight, Wgrpyc, delined to be the empty weight minus the propuision
system weight, is obtained from

Wstrue = Ks1 Vewv * Ks2 Lpyw (13)
where the second factor is zero for the fully buoyant airship. The first factor
results from the "cube-cube" Jaw governing scaling of airship empty weight and 1ift.
The historical value of KsI is .0325 nut a value of .0250 is used in the present
study, reflecting about a 25% improvement in structures and materials technology
over the historical base. This is probably a conservative assumption when the great

increases in structural and material efficiencies in the past 40 years are considered.

The horsepower required for cruise is determined from the fundamenta! relationship

MR ~ 550n (14)

where S is the cruise speed in feet per second and np = .82 is the propulsive
efficiency. The rated horsepower is

p T
oo ors.l [l Her

RATE ~ P

= (15)
atr Vi &
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where P and T are.the atmospheric pressure and temperature, respectively, and KT is '
the throttle setting, taken as .60 in the present study. Both diesel and turboprop
engines were investigated, and it was found that the former gave superior performance
in both the fully buoyant and hybrid airships. The weight of the diesel engines is

Weng = Ke HRate (16)
where Kg was taken as 1.0. The weight of the rotors and drivetrains, Wppy, was
estimated from empirical data and added to the engine weight to obtain tEe propulsion
system weight, Wppop.

The mission fuel requirements are determined from
s i
= R ;
WeugL = Yr SFC 3 (17)
where SFC is the specific fuel consumption and R is the range. Finally, the payload !
may be determined from
Weay = Weto = Wstuc = Mprop ~ WrueL (18)

Cost

The development of a costing methodolcgy for airships may follow one of two paths.
First, there is the methodology based on past airship costs and past operating
experience. This data base, however, is so old that it has limited use in the modern
context. The economic situation and manufacturing techniques of today cannot be
reflected accurately in a model based on historical airship data.

The second possibility is to use techniques that have been developed for estimating
costs in the air transport industry. This approach is natural since aircraft and
airships have many characteristics in common. Both have a need for light weight

and high performance to obtain optimum operational efficiency. In order to minimize
the labor requirements, both will include sophisticated flight control and avionics
systems. Minimum operating costs require a high degree of dependability and high
utilization factors. Also, airships and aircraft will have to meet the same insti-
tutional and operational constraints since both will be performing their tasks under
the jurisdiction of the same regulatory agencies. Therefore, the costing techniques
based on air transport experience were used in this study since they were considered
to be more applicable in predicting the economic characteristics of the airship.

The vehicle costs were derived using equations which compute cost as a function of

weight. The equations compute separate costs for body structure, propulsion,

avionics, crew staticn controls and panels, and final assembiy. These are then '
summed to derive a first urit cost. Learning curve factors are applied next to

v
a0

%g arrive at the cost per unit for the production quantity. Airship unit costs wera
& estimated from the same equations that were used for conventional aircraft. This
g; assumption is probably conservative since there possibly are reasons why airship
gg unit costs per pound of structure may be lower than those of aircraft.

&

The operating cost is divided into two parts — direct and indirect. The DOC's were
computed using the Air Transportation Association (ATA) equations.’ The indirect
costs were derived using the equations developed jointly by Boeing, Lockheed, and
Douglas? with a modification to include the gas replenishment needed for airships.
Table 1 is a listing of the items in DOC's and IOC's.

A preliminary examination indicated that the land requirements for the aircraft and
airships would be equal so those cnsts were not included in the study. Aircraft

11
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Tabl2 1
Operating Cost Elements

* DIRECT OPERATING COST (ATA METHOD)

CREW

FUEL

iINSURANCE

MAINTENANCE .

DEPRECIATION i
¢ INDIRECT OPERATING COST )

(LOCKHEED-BOEING-DOUGLAS METHOD)

MAINTENANCE OF GROUND PROPERTIES AND EQUIPMENT
VEHICLE SERVICING

CARGO TRAFFIC SERVICING

RESERVATIONS, SALES, ADVCRTISING

GENERAL AND ADMINISTRATIVE

GAS REPLENISHMENT

actually require more land for ihe runways, but the hourly utijlization of the land
is quite high wereas an airship when moored does not allow the land it occupies to
be utilized for other airships. Due to their large sizes, fully buuyant airships

may have an adverse effect on air traffic congestion. The hybrid airship would be
superior to the fully buoyant airship in terms of land utilization and air traffic
congestion.

The block time is very important to the productivity of the vehicle. The block times
were computed by the following equations
R+ .588S
t 2 ———
AIRSHIP 252
(19)

=

b5
(1 752-)- '
;2

o~ —

CAIRCRAFT =

where t = block time, hr; R = range, nautical miles; and S = cruise speed, knots.

The time to climb to and descend from cruising altitude is accounted for by the
factor .5 S. In the denominator, the fractional quantity accounts for the effect of
winds which are assumed to be 25 and 75 knots for the airship and aircraft,respec-
tively. The correction is derived by assuming that the vehicle encounters a headwind
over half the range and a tailwind of the same velocity over the other half. The
aircraft block time also includes a half hour of ground maneuver time which is not
necessary for the airship.
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Table Z lists the assumptions for the cost study. The utilization rates of airships
will be considerably highei than those of aircraft due to the higher trip times.
Further, it may be possible to do almost all maintenance in flight. Achievement of
high utilization is important for airships due to their inherently poor productivity.
It is assumed in the present study that ground time is only necessary for freight
loading and unloading. The airship requires two crews for the long flights, but
salaries were assumed to be paid only while the crew was actually working. The
utitization and crew salary assumptions should be regarded as optimistic. The air-
ships will require an annual total gas replenishment a2qual to about 25% of their
volume. The price of Helium was taken as 10¢ per cubic foot.

Table 2
Economic Assumptions
FULLY
BUOYANT
AIRCRAFT & HYBRID
CREW SIZE 3 3
UTILIZATION (HR/DAY) 11.67 23.40
FUEL COST ($/GALLON) .25 .25
DEPRECIATION PERIOD (YRS) 15 15
RESIDUAL VALUE (%) 15 15
INSURANCE RATE (%) 2 2
GAS REPLENISHMENT (%/YEAR) 0 25

RESULTS

The study configurations are shown in Figure 1. The fully buoyant airship is of con-
ventional ellipsoidal shape. The hybrid configuration has an elliptic cone forebody
and ar afterbody which fairs to a straight line trailing edge. Th2 cross-sections
ere elliptical. The hybrid configurations represents an arbitrary choice of shape
since the performance optimization model is not sufficiently detailed to account for
all the interactiors necessary for a configuration optimization. Thus, there may
well be superior hybrid configuvations to that considered here.

Table 3 shows the characteristics of the fully buoyant and the hybrid airship sized
for 1,000,000 pounds of buoyant 1ift. Also shown for reference are the characteris-
tics of a cargo aircraft of 500,000 pounds gross takeoff weight. The cruise speeds
of the airships were selected to maximize the productivity-to-empty weight ratio and
were found to be 100 knots in both cases. Due tc the severe penalties associated with
designing airships for high cruise altitudes, sea level altitude was assumed. Cruise
altitude capability is then obtained by preheating the buoyant gas to fill the envel-
ope at takeoff. The dimensions of the airships are large compared with those of

the aircraft, with the hybrid being somewhat more compact than the fully buoyant.

The horsepower of the hybrid airship is considerably higher than that of the fully
buoyant due to the higher drag of the former. The hybrid airship has 724,000 pounds

of dynamic 1ift at cruise in addition to its 1,000,000 pounds of buoyant 1ift. Both
airships have 16.7 x 10% ft® of He.

The weight statements on Table 3 shnw that the fully buoyant airship and the cargo
aircraft have about the same payload fractions and that that of the hybrid airship
is somewhat lower. Consideration of the ratio Wpypi/Wpay indicates that the fully

13
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Table 3
Vehicle Characteristics
FULLY
BUOYANT HYBRID AIRCRAFT
wGTO, 1000 ibs. 1000 1724 500
WsTRUC 417 652 163
anop 43 90 50
wFUEL 195 497 116
Woay 345 484 171
CRUISE SPEED*, knots 100 100 462
CRUISE ALTITUDE, ft. o** o** 35,000
LIFTING GAS He He -
GAS VOLUME, ft.3 16.7 x 108 16.7 x 108 -
LENGTH, fi. 1032 658 160
RATED HORSEPOWER 27,700 70,6490 -
RANGE, n.mi. 2700 2700 2700

*CHOSEN TO MAXIMIZE PRODUCTIVITY-TO-EMPTY WEIGHT RATIO
**ALTITUDE CAPABILITY OBTAINED BY PRE-HEATING GAS

buoyant is the most fuel conservative of the three, followed by the cargo aircraft.
It appears that the extra 1ifting capability of the hybrid airship as compared with
the fully buoyant airship is cancelled by its higher drag.

The operating cost breakdowns for the three vehicles are shown on Figure 2. Consider-
ing DOC first, the elemeuts of depreciation, maintenance, and insurance are seen to
be about the same for all three vehicles. The fuel cost is lowest for the fully

51 LEGEND
g
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g 4t MAINTENANCE 2
b INSURANCE
r‘z? FUEL
g 3| CREW
s 10C
. GAS o
z REPLENISHMENT .
52 car o
‘3 RESERVATIONS, ! 1
; { SALES, AOVERTISING :
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FULLY BUOYANT HYBRID AIRCRAFT
Figure 2

Operating Cost Comparison
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buoyant airship and highest for the hybrid airship, reflecting the fuel economies of
the three vehicles. The crew costs are high for the airships due to their relatively
Tow speed and productivity. As mentioned earlier, the cconomic assumptions used to
compute the airship DOC's nust be regarded as optimistic. Most important of these
assumptions are the high utilization rate and number cf crew members (see Table 2).
Use of the cargo aircraft utiiization rate and the assumption of continuous pay for
all crew members would give airship DOC values of twice those shown on Figure 2.

The I0C's of the airships are similar to those of the cargo aircraft except for the

requirement for lifting gas replenishment. This results in slightly higher I0C's

for the airships. Adding the DOC's and I0C's to get the total operating cost (TOC)

gives values of 6.6, 7.4, and 5.8¢/available ton-statute mile for the fully buoyant

airship, hybrid airship, and cargo aircraft, respectively. Although the depth of

analysis is insufficient to craw conclusions based on small differences, it would

seéem that airships are at best marginally competitive with aircraft for the mission

under consideration. ¢

As is commonly believed, airships become more efficient as they become larger, as
demonstrated in Figure 3. The tick marks denote the nominal vehicles of Table 3.

-
=
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T T
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AIRCRAFT AT 500,000 LBS
O R o i i e |
0 1600 2000 3000

TOTAL OPERATING COST ¢ AVAILABLE -TON STATUTE ML

GROSS TAKE-OFF WEIGHT, 1000LBS

Figure 3
Effect of Take-Off Weight

The reason for this trend is not that the empty weight fraction decreases as is often
stated (in fact, the "cube-cube" law implies a constant empty weight fraction), but
rather that the skin friction decreases and the aerodynamic efficiency increases at
the larger sizes. Figure 3 shows that the fully buoyant airship has the same TOC as
the 500,000 pound cargo aircraft at a gross takeoff weight of about 1,400,000 pounds.
The hybrid airship TOC only approaches that of the cargo aircraft at extremely large
, values of gross takeoff weight. At the large airship gross takeoff weights, a point
L of diminishing returns is reached beyond which further reductions in TOC are small.



The fully buoyant airship is superior to the hybrid airship at 211 values of gross
takeoff weight and both are noncompetitive with the cargo aircraft at values below

1,000,000 pounds.

The sensitivites of TOC to cruise speed for the two airships are shown in Figure 4.

a5
W
5
w
=
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o FULLY BUOYANT
S
o
8 15}
3
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S HYBRID
g
'—
g o f —_——
3 AIRCRAFT
-d
.3
o

O 1 ) 1 ] ] )

0 5C 100 150

CRUISE SPEED, KNOTS

Figure 4
Effect of Cruise Speed

Also shown for reference is the TOC of the cargo aircraft which cruises at 462 knots.
At lower airship speeds, around 50 knots, the fuel consumption is low and the pay-
load fraction is high. The productivity, however, is very low. At higher speeds,
around 150 knots, the drag becomes prohibitively high and the payload fraction be-
comes low. The result of these trends is that minimum TOC is achieved at around 100
knots for both airships, thus justifying the original choice of this cruise speed.
The figure shows that the hybrid airship is much less sensitive to cruise speed than
is the fully buoyant airship.

There is a severe penalty for flying at cruise altitudes appropriate for iransconti-
nental flights as shown in Figure 5. If the requirement is for a 10,000 foot altitude,
the TOC is approximately doubla that of the sea level case. At 20,000 foot, both
airships have negative payloads. (Reducing the cruise speed or the range would give
positive payloads at 20,000 feet.) To avoid venting gas, it is desirable to preheat
the buoyant gas to expand it to the envelope volume prior to takeoff.

The effect of range on the total operating cost of the two airships and the aircraft

is shown in Figure 6. The TOC of the fully binyant airship and the cargo aircraft
increases slightly with increasing range. The TOC of the hybrid airship increases

16
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more rapidly due to the relatively high fuel fraction and low payload fraction of this
vehicle. At the longer intercontinental ranges of 5000 n. mi., the hybrid airship is
nct competitive with the fully buoyant airship or the cargo aircraft.

Current cargo transport aircraft are frequently limited not by cargo weight but b{
cargo dersity. Cargo aircraft are designed for a cargo density of about 10 1b/ft°.
For cargcs of lesser density, the full payload weight cannot be carried. The effect
on TOC is shown in Figure 7, where it is assumed that the airships are not 1imited
by cargo density constraints. The effect on the cargo aircraft TOC is severa, and
at a cargo density of 5 1b/ft® the cargo aircraft TOC is double that of the airships.
Therefore, it may be concliuded that airships are more attractive than aircraft for
transport of low density cargo.
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Figure 7
Effect of Cargo Density

CONCLUDING REMARKS

The results have shown Lhat airships are marginally competitive with aircraft on
established freight routes. Using somewhat optimistic assumptions for 2irship
economic analysis gives airship total cperating costs which are slightly higher than
those for aircraft. There are, however, several categories of missions which are
potentially attractive for airships, many of which were not considered in this study.
Ameng these are: (1) transport of low density or indivisable bulky cargo (examples
¢f the latter would be modular housing or nuclear reactor components); (2) transport
to or from undeveloped sites (examples are transport of agricultural crops from sites
which have no road or runway access and supply of developing nations); (3) missions
in which the uvaique features of airships are of use (these features are high endur-
ance and hover and V/STOL capability; the missions include surveillance and intra-
urban transportation); (4) use as special purpcse vehicles (examples are an oil/gas
transporter 1n which the gas serves as the buoyant gas, and a hospital ship for
disaster relief); and (5) military missions.

18
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The parametric results show that airships are highly sensitive to cruise speed and
altitude selection. It is important to select the optimum cruise speed correctly.

It is highly desirable to preheat the buoyant gas in order to minimize the effects of
altitude requirements.

The fully buoyant and hybrid aircraft designs were found to have about the same
economic performance. The extra 1ifting capability of the hybrid is counteracted by
its greater drag. The operating costs being equal, there are some operational
factors favoring the hybrid. The hybrid would have less sensitivity to cruise speed,

superior low speed control characteristics, and greater ease of ground handling as
compared with a fully buoyant design.
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COMPARATIVE AIRSHIP ECONOMICS

Capt. Robert Harthoorn”

] ABSTRACT: As future LTA vehicles will be doomed right
from the start if they do not fill a real need, some dif-
ferences in transport philusophy between design engineers
on the one hand and freight forwarders on the other are
discussed. Watching rising costs of energy necessary to
transport our cargo from A to B, and realizing that this
price of energy is always included in the product's
selling price at B, the apparent correlation betveen
installed specific tractive force per unit of cargo weight
and pure freighting cost are contemplated. Very speedy
and progressive Airship designs are mistrusted by the ]
author, because the key to any low cost transport tool is 3
to design it for its given task only, without any unneces-

sary sophistication.

THE BEE AND THE PHYSICAL DISTRIBUTION SYSTEM

It is said that in order to collect one kilogram of honey, the bee
flies an average corresponding distance of twice the eguator's length,
and thanks to his faultless computerized communication and balanced
stock-and-distribution systems, not one bee ever flies one wmeter too
far, and not one gram of honey is lost. Rclated to our present pat-
tern of transport, this example teaches us jin. a nutshell how we ought
to perform the so-called Physical Distribution System, which is up to
the present still far away from this ideal situation. As a good

excuse for our humar and technological shortcomings in this field, we
may remark that our bee is nout tied down to the wuwost numerous and com-
plicated natinnal and international laws governing commercial aviation,
nor the very complex freight rate cstructures set by the (I)nternational
(Alir (T)}ransport (A}ssociation delaying customs formalities, politi-
al barriers, feedering ground {ransport, etc.

*General Manager, Equipment Control, Holland America Line, Rotterdanm,
The Netherlands

PRECEDING PAGE BLANK NOT FILMED
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Having all the freedoms of the air, instead of the five freedoms
embodied by the Chicago Convention; and in his own area, not bothered
by other competitive means of transport, the bee flies and lands wher-
ever he chooses and always ships the same commodity from production
center to final destination at only one computed flat through-rate.

Coming to the Airship concept, I took this example because, when I

read or listen to the promotion arguments of some Airship designers, I
get the slight impression that the freight forwarder and/or the oper-
ator has to take it for granted that the Airship, figuratively speaking
is going to substitute the bee, and solve all of our transport problems
accordingly.

It is quite human and understandable that any designer,as a specialist,
likes to take pride in a new and sophisticated design, but initially
one has to realize that the Airship is not the only competitive way to
transport paying loads, and secondly, one has to realize that the ship-
per or the paying passenger is tha ultimate customer, and it is essen-
tial that these points of view are borne in mind when talking about the
re-introduction of the Airship concept. Original thinkers who want to
break some old habits of transport are badly needed, but it skould be
appreciated that there can be only one valid reason for accepting the
Airship concept, and that is if Airship services can perform a profit-
able and useful function.

LAMINAR AIR-FLOWS OR "LAMINAR CASH-FLOWS™"?

The varying Airship cost figures supplied up to the moment are rather
frustrating. On this basis one cannot blame the investors' reluctance
to invest a reasonable amount of capital, because he is neither inter-
ested in the difference between laminar and turbulent airflows, nor in
propeller efficiency, but only in "laminar cash-flows'" and returns on
capital. This statement may sound a bit unsympathetic in some circles,
but if one accepts that the profits of any businesslike undertaking are
the lifeblood necessary for investments in the future, one has to
realize that the investor wants a sound and reliable cost figure.

THE CAPITAL RETURN FACTOR

The economical crux of the whole matter concerning comparative Airship
economics is embodied in one simple formula. This formula measures the
profitability of an investment in terms of gross net income per unit

of invested capital, called the Capital Recovery Factor Formula, viz.,

AFR - (DOC + IOC -
otal Invested Capita = = 0.15 or 5%

In this formula, the total -~-~nual freight revenue (AFR) reprcsents the
product of (average actual ioadfactor) x (maximum payload capacity) x
(average blockspecd) x (number of operational hours/year) x (freight
rate per ton/nautical mile). Taking into account the later deduction
of state taxes and stoeckholders' dividends, we assume that the desired
outcome of this C.R.F. Formula gives the investors the reasonable
figure of at least 0.15, equal to 15%. The designer's responsibility
now 1s to supply, within the limits of the given specifications, a
valid and controllable breakdown of the direct building and technical
?perating cost figures, which are important parameters in the given
ormula.
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DETERMINING AIRSHIP'S SHADOW FREIGHT RATE

Presuming that the Airship's shadow freight rate is more or less deter-
mir.ed by the direct competitor in this field, viz.,the present aircraft
carrier, it is essential that the Airship's freight rate be determined
at a price which is preferably at least 30% less than the average
actual airfreight rate applying to the same transport distances.

Taking a very average specific airfreight rate from Amsterdam to New
York, viz., $0.45 per short ton/nautical mile, the average Airship
shadow freight rate will be determined at, let us say, $0.30 per ton/
nautical mile. Considering a long-haul designed Airship, having a
trans - N. Atlantic payload capacity of 300 short tons, and presuming
that the accepted break-even load factor of 0.5 (50%) provides no
capital return at all--which means that total freight revenue equalizes
total costs--we demand a capital return of at least 15%, obtainable at
an average annual load factor of 75%.

Presuming 3,000 operational hours per year, and an average blockspeed
of 80 knots, one may now reach the conclusion that after applying the
C.R.F. formula, the total maximum admissible capital investment may not
excecd the amount of 36 million dollars.

16.2 - 10.8
y

y = 36

0.15

This system of approach may be a bit unconventional, but it serves
perhaps the purpose in which way one muy assess the commercial viabil-
ity of Airship services.

SPEED AFFECTS THE CAPITAL RETURN FACTOR

I am aware that the notion of speed in Airship cirgles leads to a lo*
of disputes; however, to obtain an optimal economical speed for any
given transport device is a rather complicated and tricky business.
Mentioning rigid Airships, sailing up to 150 to 300 knots and more,the
unhappy operator may find himself caught in the financial speed-trap if
he neglects in what way this speed increment is going to affect the
Capital Return Factor.

In other words, taking into considcration that extra fuel to be carried
displaces payload capacity, the tctal ton/n.m. prsoduction may initially
increase to a certain limit, but the question remains to what extent
this particular speed does affect the several other parameters of the
C.R.F. formula. It has to be appreciated that "speed boosting" nega-
tively affects the maincenance labor and material costs, utilizaticn
hours, depreciation period, engines building costs, fuel consumption,
and consequently, the Direct Capital Iuvestment.

The positcive or negative outcome of the balance will be determined by
the return on capital, after having fed all the known parameters intoc
this formula; however,some dimensionless parameters will always remain,
such as service, goodwill, marketing policy, etc. We can appreciate
that the Airship's minimum technical speed is determined by the average
revailing atmospheric conditions. A reasonable increase of spced,
owever, may be justified if the Airship, by offering increased sailing
frequencies, also improves her average load factor. Marketing policy,
however, is subject to the operator's responsibility, because the
appreciation of speecd depends upo>n the freight-forwarder's philosophy.
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WHAT PRICE, WHAT FRICTION?

Technically speaking, one easily can increase the power of any small
Volkswagen engine, so as to provide a speed of 100 mph an. more, but
the small Volkswagen was not designed and not intended as a very speedy
automobile. The same remark applies to the bulky Airship, which ought
tc have a relatively low specific resistance coefficient at cruising
speed, which means a favorable, relatively high lift-to-drag ratio
nimber. It would be an unrealistic approach to presume that the Air-
ship provides such a high L/D ratio number because she is such a fine
aerodynamically shaped piece of machinery; the simple reason to keep
in mind, however, is that only the heavy Airshkip is able to sail the
sky with a relatively low service speed, and anv thoughtless speed
increment weakens her economical strength.

Let us please not take any given commercial transport device out >f its
natural, technical and economical area of environment within which it
can operate. I{ we want to ship relatively high valued cargo, we do
not object to paying for a low L/D ratio number, but in this particular
case we would prefer the present pure freighter Boeing 747, which pro-
vides, for a given price, at least a real good speed.

A rather strange sense of humor is needed to believe in very speedy
Airships having competitive freight rates combined with L/D ratio
numbers which lie in the range between seagoing Hovercraft and the
sleek, supersonic, payloadless Concorde.

IMPROVING L/D RATIO NUMBER ONLY BY ECONOMY OF SCALE

After doubling the original cruising speed of the pre-war Airship
"Hindenburg" from 68 knots to 136 knots, the very favorable L/D ratio
rorper of about 44 will drastically decrease to the rather poor ratio
number of 11. This is even 6 points less than the L/D value of the
Boeing 747, which flies at about 520 knots at normal cruising speed,
even without the so-called miraculous boundary layer control syvstem.

By applving some elementary formulae determined by nature, one now has
to enlarge the original volume 64 times in order to obtain a sun
eclipse, cause by a nearly 13 million cubic meter Airship with suffi-
cient propulsion power to develop 136 knots; but now having regained
the original L/D ratio number of 44; or in other words, having the same
specific resistance coefficient of the original "Hindenburg."

T

AT 68 KNOTS e e e ennveennseennnneeeannneennseseaanns % = 44
L _1._L,

At 136 KNOTS eeeotoeesnsocoosccnsocsessseans W=7 X i) 11
X

64 x L L _
At 136 knots/volume x 64.....0..... W x40 b 44

L/D RATIO NUMBER AS A PARAMETER OF THE CAPITAL RETURN FACTOR FORMULA

Pointing to the thesis that the L/D ratio number is inversely propor-
tional to the fuel consumption and directly proportional to the

maximum piyload capacity, it will be appreciated that in reference to
the C.R.F. formula, this ratio number has a certain economicel signifi-
cance, if one considers the (L)ift as representing the incoming

dollars and the (D)rag representing the outgoing dollars.
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SURFACE TRANSPORT SYSTEMS

As a consequence of our welfare growth and increasing world population,
many types of transport craft with specific designs have to become
available to deal with the growing variety of commodities which have

to be transported in the most efficient way.

If one observes the development of surface transport systems, the
future Airship has to find her place among Ro-Ro-Ships, gigantic 50
knot container ships, gasturbine-driven freight blocktrains, powerful
roadtrailers combined with computer guided traffic systems, waterjet-
propelled fast Hover and Hydrofoilcraft, etc., offering within their
own speed ranges, very competitive freight and/or passenger tariffs.

Ncw, one may object by arguing that present types of motor vehicles
aind trains are relatively slow and that the speed advantage of fast
ajrcraft, serving European travelling distances, is wiped out by the

. ne losses caused by too long distsuces to the airports and waiting
times. Watching the future development of tracked aircushion and/or
linear induced magnetic trains (Advanced Passenger Trains), running up
to 270 mph, one may conclude that the now existing speed gap between
the conventional train and the aircraft at travelling distances
between 200 miles and 1,000 miles can be filled by future A.T.P.'s.

In view of the Modal Split assumption regarding proposed regular pas-
senger services by Airships i. Westera Europe,it is of some interest
to realize that before the introduction of the Tokaido "Bullet Train"
running from Tokyo to Osaka and vice versa, 26% of the travellers
between these towns went by plane, which percentage rapidly dropped to
a bare 6% after the introduction of this Tokaido Line.

Summarizing those competitive services offered by surface transport in
Western Europe, it seems evident that unless considerable door-to-door
time and total cransportation costs can be saved,ths regular short
haul freight Airship has small prospect of success in competition with
the relatively cheap surface transportation systems.

Where the journ:y in W. Europe involves a seacrossing, Airship services

might have certain advantages in saving handliig and transferring times
and costs. These advantages, however, avre partly offset by the fast
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growing number of Ro-Ro-Ferries operating in the North Sea, Mediter-
ranean and Baltic Area, etc.

COMPARING DIFFERENT TRANSPORT DEVICES; THE DANGER OF CONVINCING FIGURES

1f one wants to sell a special piece of transport machinery, it is not
too difficult to find convincing arguments, accompanied by even moure
convincing figures; the danger with figures, however, is that one can
sweep them together under all kinds of carpets to meet the required i
qualifications. Comparing overall efficiency in terms of transport
capability between different commercial transport devices might be a
useful mental exercise, but only in order to reach some general conclu-
sions. Generally speaking, those comparisons do not produce real
eco..omical usefulness if one omits the Total Cost Concept Irom door-to-
door, which is the ultimate and decisive marketing factor. Trying to
prove that the building cost per ton structure weight of an Airship
having the same transport potential as the freight Boeing 747 has to be
considerably cheaper than the comparative cost per ton of that particu-
lar aircraft does not impress any investor unless, of course, he wants
to sell this craft for scrap value. In terms of horsepower per ton

All Up Weight (A.U.W.), the average private motorcar needs an in-
stalled engine power of about 100 h.p. per ton and is in this respect
more efficient than the Boeing 747. However, in terms of installed
h.p. per seat/mile it is good to realize that the private automobile is ;
in this respect one of the most expensive ways of transporting yourself

from A to B, but as we have already stated, there are a lot of other

factcrs to be taken into account.

By neglecting the total transportation costs, including door-to-door
saving time for a given transportation distance, one may easily jump
into a financial trap, if somebody convinces you to purchase his train
tickets, arguing that the number of installed h.p. per seat/mile as
well as his tariff are considerably less than the comparative figures
of your private motorcar.

Comparing direct operating costs of two modes of transport, even if
both are operating in the same environmental area, often gives mno
clear picture either. One may,for instance,easily draw the wrong con-
clusion that the full container ship in comparicson with the conve¢n-
tional dry cargo ship, is so expensive that she could ne¢ver be
operated on a competitive basis, if one neglects the total trans-
portation cost concept.

PROFIT EARNING PAYLOAD, DRAGGING UNPROFITABLE TARE WEIGHT

Accepting the philosophy that the only profitable work done Ly any
commercial transport vehicle is the overcuming of the resistance of

the payload in its motive container consequently means in reverse that
each ton of motive payload has to drag a certain amount of unprofitable
resistant deadweight.

To overcome this unprofitable resistance, one can imagine that figura-
tively speaking, each ton of motive payload has to be provided with a
certain amount of tractive force. If we further accept the reality
that the main reason cargo commodities are shipped from seller to
buyer is to make a profit, then this consequently means that any ship-
per wants to transport each ton of cargo at the greatest possible
speed, combined with the lowest price for tractive force, which price
of energy is always included in the product's selling price.
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As high speeds are usually in contrast to relatively low specific
resistance coefficients, the following comparison between several modes
of transport (past, present and future) may be of some interest.

THRUST COSTS - DOLLARS

Total installed specific thrust in kilograms to move one ton of pure
profitable payload at service speed, arranged in rising sequence o
their respective resistance coefficients, based on a 100% loadfactor
and taking into 2ccount the deadweights of fuel, lubes, stores, equip-
ment, and empty :containers, etc.

— TOTAL INSTALLED KNOTS/HR
SPEC.TRACTIVE FORCE  SERVICE
MODE OF TRANSPORT IN KG/TON_ PAYLOAD SPEED

1. Super Tanker "Esso Deutschland"

(Europe - Pers. Gulf Trade) 2.484 kg 17
2. Dry Cargo Ship '"Hamburg"
(Trans N. A-:lantic Trade) 8.10 kg 19
3. Average Con:tainer Freight Train 23.57 kg 38
4. Full-Container Ship (Sea-Land
Galloway) (Trans N. Atlantic Trade) 29.40 kg 31
4
5. Road Truck (Mercedes Benz LPB/2224 63.36 kg 38
6. Large Airship (Future) Airfloat Trans-!? ;
port Ltd.) (Trans N. Atlantic Trade) 175.00 kg 100 i
7. Future Jidewall Surface Effect Ship* %
(C.A.B. System)(S.E.S.)(Tr.N.Atl.) 229.00 kg 100 »
8. Freight Hovercraft,,type Voyageur I '73
(Bell Aerospace) (300 km range) 464.00 kg 35
9. Airship "Hindenburg" (1936/37) o
(Trans North Atlantic) 518.00 kg 68
10. Boeing 747 F. (Freighter) E
(Trans N. Atlantic) 1,002.00 kg 514 4
11. Heavy Lift Helicopter Sikorsky %
S64E (70 km range) 1,534.00 kg 95 7

12. Supersonic Concorde
(Trans North Atlantic) 5,449.00 kg 1,160

®*Captured Air Bubble

GENERAL CONCLUSION

One cannot force the laws of nature, but one can balance them against
each other.
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Now one may draw a lot of conclusions, but as far as land - surface
transportation is concerned, the freight train makes in this respect a
very efficient mode of transport.

Realizing that the propeller efficiency of the pre-war "Hindenburg'" was
about 67%, it is obvious that she would provide a slightly better
figure,if I had taken the presently accepted efficiency of 85%,combined
with current building materials and construction methods,which provide
in turn a more favorable payload weight to structure weight ratio.

Further it may be noticed that the "Economy of Scale' does really pay
off, if one compares the figures of the large Trans North Atlantic
Airship with the rciatively small Trans Atlantic '"Hindenburg," which
economy applies also to the surface displacement ships.

In sequence of specific motive forces on a ton payload basis, the large
Airship ranks as number 6 on the list, but arranged in sequence of
increasing service speeds, this large Airship has to be listed between
helicopter and transatlantic aircraft.

In other words, the large Airship needs for each ton of shipped payload
a relatively small tractive force, combined with a relatively good
speed.

Since the Concorde is designed as a pure passenger carrier, it is, of
course, not fair to compare this aircraft with pure freight carriers.

Looking at the heavy 1lift helicopter, one is inclined tec believe that
nocbody can afford to transport loads with this very expensive carrier,
but the comparison with regular freight carriers is also a bit mis-
leading, if one does not judge the helicopter on her proven merits as
a very specialized transport tool.

AN IMAGINARY HEAVY AIRCRAFT, HAVING A L/D RATIO NUMBER OF 407

If it were possible to scale down the speed of the Boeing 747 ("F") to
about 130 knots the specific motive force per ton payload would drop to
the comparative value of the Sea-Land Full-Containership. As every type
of aircraft is designed for their own speed, this example of wishful
thinking is of course a bit of theoretical nonsense; flying close to
stalling speed with extcnded flaps makes economics relatively worse
than they are; but what if one reverses this problem by putting forward
the question,"Will it be possible to construct a heavy plane, carrying
200 tons of payload with a speed of 130 knots and having an overall
lift-to-drag ratio number of 30 and over?"

The expected answers which I got from some aeronautical engineers were
that this trick could not be done, because the very low loaded wings
would introduce increased frictional drags, structural problems and
weight penalties, etc.

If we accept that the '"curse' which lies upon heavy aircraft is that it
has to induce its own 1ift by considerable forward speed, we have to
accept the Airship as the only natural way to solve this L/D ratio
problem, which consequently means a mechanical, as well as an economi-
cal, restriction as far as the transporting of less valuable commodi-
ties by air is concerned.
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THE (DESIGN) DENSITY STORY

In view of the relatively roomy cargo space of the Airship, one may

safely presume that an Airship is practicalily always weight-restricted, ‘
which means that if the Airship is loaded to her full permissible o4
take-off weight, she usually has some cargo space left, regardless of 4
the average densities of the shippcd cargoes.

Referring to several density studies concerning airfreight commodities,
one may draw the conclusion that present aircraft often have a problenm
with their cargo design density, which statement also applies, but to

a lesser extent, to the 747 pure freight Boeing. This density problem
often causes aircraft *> cube out before they are loaded to their max-

imum permissible payload weight, which causes in turn a loss in revenue
potential.

| o
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The reason is that any transport device is essentially a compromise;
building aircraft with lower density design specifications invoives
structural weight penalties, or as it is said: "Aircraft cannot afford
to carry air inside their belly holds.™

P R

As 9 1bs.per cubic foot is the limiting figure set by present aircraft
between weight and volume tariff (dimension weight rule), this figure
is an important key regarding the economics and freight tariff struc-
tures of future Airship freight services.

COMPETITIVE FREIGHT RATES - LOW DENSITY FREIGHT MARKET §

Even if the future Airship cannot provide a reasonable gain in pure
freighting costs regardirng high density commodities,she is neverthe-
iess highly competitive with present airfreighting, regarding volumin-
ous commodities weighing less than 9 1bs. per cubic ft. In spite of the
fact that the average ''on dock'" density for aircargo lies roughly in
the neighborhood of 13 1bs. per cubic ft., there still exists a huge
market of very low density commodities weighing less than 9 1lbs. per
cubic ft.

These low density commodities represent about one third of the total
world number of air freight parcels forwarded at present by air, which
amounts roughly to nearly half of the total world air freight package
volume. As there is no economical need for the Airship to punish
these lower density commodities by applying the volume tariff, it is
of some interest to be keenly aware of the fact that the future trend
inclines to lower densities of air freight commodities.

TRANSPORTING OWLS TO ATHENS?

et T o

Coming to the end of this paper, the dominating factor is the very com-
petitive services offered by other means of transport. However, we :
believe in the Airship concept as a basically sound concept, and I :
fully agree with other speakers that the Airship, as a specialized tool 3
has many useful applications, such as transporting heavy and/or indi- '
visible loads, etc., in which case the Airship gets paid for the
specialized job to be performed.

If the Airship can decrease the present airfreight rates in order to
reach the commodities on the upper limit of the median value group,she
may indeed have some prospects as a regular long haul freight carrier,
not by trying to transport owls to Athens, but only by carrying selec-
ted commodities over wisely selected routes and distances.
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~ RECENT DEVELOPMENTS IN RUSSIA

It will revolutionize cargo transportation--
She runs on vodka!
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EFFECT OF PRESENT TECHNOLOGY
ON AIRSHIP CAPABILITIES

Robert T. Madden*
Frederick Bloetscher**

ABSTRACT: This paper presents the effect of updating past airship
esigns using current materials and propulsion systems to deter-

mine new airship performance and productivity capabilitics. New
materials and power plants permit reductions in the empty + 2ights
and increases in the useful load capabilities of past airship designs.
The increased useful load capability results in increased producti-
vity for a given range, i.e., either increased payload at the same
operating speed or increased operating speed for the same payload
weight or combinations of both.

Estimated investment costs and cperating costs are presented to in-
dicate the significant cost paraments in estimating transportation
costs of payloads in cents per ton mile. Investment costs are pre-
sented considering production lots of 1, 10 and 100 units. Operat-
ing costs are presented considering flight speeds and rarges.

INTRODUCTION

As the result of many inquiries, Goodyear Aerospace Corporation (GAC) conduct-

ed studies relative to the projected costs for operating basic airships as transpor- :
tation system vehicles. Past designs, a larger size of past designs, and the direct :
substitution of present materials and propulsion systems for past materialg and

propulsion systems were considered in the studies. The studies attempied to he b
conservative by not considering heavy take-offs in calculating useful load capabili- 5
ties or redesigns of the airship to obtain: lower empty weights, aerodynamic lift, 5
or greater flight speeds. Background on past GAC airship designs, the effect of

substituting present technology on airship performance capability, and a simplified

cost analysis considering investment costs and operating costs of airships as §
transportation vehicles are presented. '

*Manager, Marketing, Goodyear Aerospace Corporation, Akron, Ohio, U.S. A.
**Senior Aeromechanical Systems Engineering Specialist, Goodyear Aerospace
Corporation, Akron, Chio, U.S. A.
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SUMMARY OF UNITED STATES AIRSHIPS

As part of the studies GAC ~eviewed past airship designs and their characteristics.
Goodyear has been involved with design, construction, testing and operation of
most of the United States non-rigid and rigid airships. A listing of these airships
is presented in Table 1.

Table I - U. S. Navy/GAC Airships*

Dates In Airship Number
Use Class Produced Mission
1921-33%* Akron/Macon 2 U.S. Navy Patrol And
Aircraft Carrier
1931-45 K Class 135 Patrol And Escort
1955 ZPG-5K 18 Patrol And Escort
1951-58 ZPG-2(2W) 17 ASW And AEW Patrols
1956-61 ZPG-3W 4 AEW Patrols
1941-47 L Class 150 Convoy/Escort
1947-1972 GZ-(L) Ciass 10 Goodyear Advertising

*Above listing represents about 75 percent of all U. S. airships built
**Rigids - others are non-rigid or pressurized structures

Goodyear's non-rigid airship production experience versus the characteristic air-
ship length is presented in Figure 1.
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Figure 2
Typical Airship Design

FiEure 1
GAC Non-Rigid Airship Experience

The quantities of each size .ailt indicates that most of the experience is with air-
ships 150 to 260 feet in length., The GZ-16 design represenis one of the large non-
rigfg designs completed by Goodyear for governmert consideration. Also indicated
is the len%‘th of an airship with a volume of 10 million cubic feet. A typical non-
ri?d airship design is Yresented in Figure 2. The airship envelope group is basi-
cally a foldable agsembly including the basic envelope, catenary attachments, ca-
bles and ballonet. Compcnents and subasseniblies, such 1s, the nose cone sup-
ports, valves and fans are rigid structures attached to the envelope. The car
group is a rigid assembly of such items as the car structure, engines, controls,
pilot station, cargo bay, etc. The car group is attached to the enve'ope through
use of external and internal catenary curtains. Assembly of the airship-car to en-
velope, etc. - is accomplished in a hanfar. The envelope is inflated with helium
and a weighted net placed over the envelope controls the envelope distance above
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the floor. The rigid structures are attached to the envelope and corresponding ca-
ble adjustments are made while the lifting envelope is restrained. Once the car is
attached and the ballonet filled with air, the net can be removed. The functions of
the ballonet are shown in Figure 3.

i
o

TREOFF CODITION (BALLOET FULL OF AIR)

- M85.4 FEET

q
e
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Figyre 3 Figure 4
Airship Ballonet Operation During Flight Goodyear ZPG-3W Airship

PRESSURE NEIGHT (ENVELOPE PULL OF NELIUS

The ballonet controls the buoyancy and attitude of the airship from takeoff to pres-
sure height or maximum flight altitude. The air in the ballonet is discharged auto-
matically as the airship ascends to allow expansion of the helium gas and the ballo-
net maintains a constant envelope pressure during flight. The ballonet is essential-
ly empty at the pressure height altitude condition. Flying higher than pressure
height results in envelope pressures above design conditions. The ballonet can alsc
provide static trim in pitch during operations of the airship.

The large:t non-rigid airship to become operational with the Navy is presented in
Figure 4. Exceptional performance was attained by the U.S. Navy using the Good-
year ZPG-3W despite bad weather during long endurance station keeping/reconnais-
ance missions. Advanced ground handling equipment and methods were developed
for the ZPG-3W airship that reduced ground crew manpower requirements during
landing, takeoff and mooring. Goodyear believes that large non-rigid airships
should be considered for cargo transportation. The rationale includes:

o Rigids had to be used initially for large sizes because high strength envelope fav-
ric did not exist for non-rigids.

o New and efficient envelope materials are available for large non-rigid airships.

o0 New materials are:

. Twice as strong as steel for same thickness.
. Six times as strong as steel for same weight.

o Not one non-rigid airship has been lost due to structure or mechanical failure.
EFFECT OF TECHNOLOGY ON AIRSHIP PERFORMANCE CAPABILITIES
The cargo capacity of airships is based on the amount of air they displace, their
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empty weight, the propulsion requirements for cruising speed, and the fuel re-
quirements for the operating distances and speeds. One approach for indicating
their capability is the gas unit-static lift per cubic foot as presented by the horizon-

tal upper curve in Figure 5.
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Figure 5 F:fnre 6
Airsrif Unit Weight And Static Airship Useful Load Efficiency
Lift Characteristics

its value is the difference between air and helium weights at a nominal helium pur-
ity value at 5,000 feet (0. 0545 1bs/cu. ft. ). The next lower solid carve presents
the calculated empty unit weight (weight of airship empty/volume of air displaced
by airship) of airships using past materials and engines. Past and present opera-
tional GAC airships are indicated on the curve for reference. The lowert solid
curve is the difference between the gas unit lift and the airship unit empty weight.
This difference is useful load for a neutrally buoyant airship and is available for
fuel and cargo. The dashed curves present the same information for airships us-
ing present envelope materials and turboprap engines. These newer materials and
po:er lglants offer a significant increase in uzeful load compared to past materials
and engines.

Another method of presenting vehicle efficiency is to plot the percentage of useful
load to gross vehicle weight. Values of this %nmeier are presented for airships
displacing 1 to 10 million cubic feet of air in Figure 6. The solid curve represents
airships made using past materials and engines. The dashed curves represent the
same designs using present materials and engines. Both curves are based on take-
off with a neutrally buoyant airship. The ZPG-3W Airship valuve and that for a
large cargo aircraft are presented for reference. The effect of "taking off’ heavy
(STOL) also can increase the value of the rnrameter. For example the value in-
creased fror 31 to 38, 6 percent as indicated by symbols on the figure when the
ZPG-3W Airship operated in the heavy condition.

From the vseful load values, the payload can be calculated versus range for the
different size airships. Payload values at 75 knots cruising speed and 5, 000 feet
altitude ware calculated for airships ranginf in size from 1. 5 to 10 million cubic
feet. The resulis are presented in Figure 7 using past and present technology con-

sidering only static lift.
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Figure 7 Fiiure 8
Payload Weight Capabilities Versus Payload Wetght Capabilities Versus

Range For Airships Cruising At 75 Knots Range For 10 Million Cu. Ft. Airships
At Different Cruising Speeds

From the useful 10ad capabilities of the airships, presented in the past curves, the
yload capacities of 10 million cubic feet displacement airships were calculated
or 3 different cruising speeds and for rances to 5,000 miles. The results are pre-
sented in Figure 8. Zero range represents a zero fuel condition. The reduction in
payload weight capability with increasing range is directly related to increasing fuel
weight requirements. For ranges of approximately 2, 500 miles and a reserve of
500 miles, the payload capability can be determined from the 3, 000 mile absolute
range values. Payload capabilities from 75 to 150 tons are available, depending on
the cruising speed and whether past or present technologies are used in the air-
ship's construction. For ranges of approximately 1, 500 miles and a 500 mile re-
serve, the payload capability can be determined from the 2, 000 mile absolute range
values. Payload capabilities of nearly 100 to 160 tons are available.

The value of payload transported in ton-miles
per gallon of fuel is of interest from a fuel
conservation standpoint. The values for sev-
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eral cruising speeds were calculated for a sin-
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Values from 10 to 50 ton-miles per gallon are I

available on flights with an absolute range of

3,000 miles. Values from 13 to 62 ton-miles

per gallon are available on flights with an ab-

solute range of 2,000 miles. The values are

greatest at the lowest speeds and shortest ran- Figure 9

ges. Payload Ton Miles/Gallon Vs

Range And Spced For 10 Million
Cu. Ft. Airships
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SIMPLIFIED COST ANALYSIS

A simplified cost analysis was made to deter-
mine the costs per ton-mile for delivering
cargo 2, 500 and 1, 500 miles using airships —
of 10 miliion cubic feet displacement flying

at 5,000 feet zltitude. - e — J
The characteristic dimensions for the 10 — M

million cubic feet displacement airship bascd T ~
on design considerations used with the ZPG- s vt W
3W and GZ-16 Airships are presented in Fig- T\
ure 10. No new design innovations and only 182 Rl

proven fabrication, dimensiional and operation- )

al practices using present day materials and

engines were considered for calculating per- v
formance and costs. The costs are grouped

as investment and direct operating costs in Figure 10

Table II. The annual investment costs are
in'esented as a portion of initial airship costs
or ease of presentation. The direct operat-
ing costs are grouged into labor and material
costs per hour of flight

Typical 10 Miliion Cubic Feet
Displacement Airship

Table I1 - Preliminary Airship Transportation Cost Model

Investment Custs Direct Operating Costs

Annual Costs Labor Costs /Flight Hour
Depreciat.on Of Investment Flight Crew
Interest Cm Investment Maintenance Technicians
Insurance Ground Service Crew

Initial Investment Costs Material Dollars/Flight Hour
Non-Recurring - 1st Unit, Fuel/Oil

10 Units, 100 Units Helium
Spares/Equipment

User investment costs are »resented in Table III.

Table T - Annual Investment Costs

Annual Costs (As A Portion Of Iniual lavestment Costs)
1. Depreciation - Initial Cost - 0.20 Initial Cost , o, 08 Initial Investment Costs Per Year

10 Years
2. Interest - (Avcragz Over 10 Years = 0, G40 Initial Investment Coats Per Year
3. Insurance = 0.0) (Average Depreciated
Cost For 10 Years) = 0. 018 Initial Investment Costs Per Year
‘Total = 0. 138 Initial Invesiment Costs Per Year
Initia} Investirent Costs - Single, Average Of 10, Average Of 100 Units - 2500 Mile Op-rating Range
ship Per ormance® Unit go-te_‘:_mmim_
rating C eristies Cargu Ist Unit verage For 10 Average For 100
'eq.,\d‘iu ange, Miles Tons
5.8 2500 181 21.6 19.7 3.8
86.3 2500 120 28.1 20.1 14.0
100 2500 101 28. 6 20. 4 14.3

*Differences In Ca reo Capacity Reflect Pr sion System And Fuel Weighta For The Sawme Stze
Airship At Operaiing Flight Speeds To A Maximum Range Of 3, 000 Miles.
*¢Differeces In Costs Reflects Propulsion System Costs For The Cperating Pight Speeds.

Annusl_fuv :stment Costs Par Ton Mile - 3500 huite Operating Range

ship V'erformance Produetivity® Costs/Ton Mile, Cents
%ﬂ%" n'cles"risuu Cargo Té'niﬂxf_'gTinch Kverage For 10 Average Fov 100
ed, MPH - Wange, Mlles Tons Yiir Airships Alrships
51 % 2500 151 3.41 X 107 1.84¢ 8. 5¢
86 ) 2500 120 4.15 X 107 6. 68¢ 4.6%
10¢ © 2500 101 4.04 X 107 6. 98¢ 4.88¢
TProduclivity Based On 4, 000 Tlight Hours Per Year.
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Annual investment ¢ 3ts consider depreciation, interest and insurance costs. Tax-
e5 cn the user's investment, profit on the user's investment, or iniiial non-recur~
rirg costs to build and certify the first airships were omitted. The iritial invest-
ment costs are dependent, mostly on the airship costs. The average recurring
costs for 10 airships (based on 1973 dollars) were used to determine the recurring
costs of the first production unit and for the average costs of 100 production units.
The differences in pricz between airships with different cruising speeds are relat-
ed to the differences in propulsion systems and nose stiffening costs. The invest-
ment costs per ton-rnile were determined from the annual investment costs and air-
ship productivity in ton-miles for 4, 000 flight hours per year. The flight period is
similar to that used for commercial airplanes. Productivity ranges from 30 mil-
lion to 40 millior ton-miles per year per airship for flights of 2, 500 miles. The
investment cou. ->r ton-mile range from approximately 4. 65 to 7. 84 cents per

gon-rélile dependi..; on the airship's cruising speed and the number of airships pro-
uced.

Direct operating costs are further defined in Table 1V and are based on the costs of
labor and materials. The cost of labor is calculated from the labor hours per trip
and the hourly rate for the three general classes of labor. The labor costs per ton-
mile are obtained by dividing the labor costs per trip by the ton-miles of cargo car-
ried per trip. The direct operating labor costs run from 1. 87 cents to 2.16 cents
per ton-mile.

The direct operating costs for materials consumed by the airship include: the fuel
and oil, based on the horsepower required for the cruising speed, the cost of re-
placing helium lost due to operations and some leakage, a~d the cost of spares
based on the hours of flight per year and the airship's initial cost. The costs of
materials per ton-mile are from 3. 03 to 5.75 cents. The lowest value is related
to the lowest speed airship which requires the least fuel and also has the greatest
payload capacity.

The totals of investment and direct costs per ton-mile for 2, 500 mile and 1, 500
mile flights are presented as total operating costs in ton-mile in Table V. The in-
vestment costs are approximately one-half the total costs per ton-mile at the low-
est cruisirg speed. Increasing the cruising speed reduces the investment costs per
ton-mile and increases the direct operating costs per ton-mile. The optimum
cruising speed ior least cost per ton-mile appears to be between 57. 5 and 100 MPH
as the value for 86.3 MPH is less than either. The total costs per ton-mile run
between 10. 5 cents and 14.7 cents depending on how many airships are produced
and their cruising speeds for trips of 2500 miles. The total costs per ton-mil~ run
between 9. 27 ~nd 13 cents depending on how many airships are produced and their
flight specds for trips of 1500 miles.

nOTES

1. FLIGHT SPLEDS
A similar study was conducted using LR i
i i i i i g AlAsuies: aunsCR 2. UTILIZATION - 400G FLIGHT KOURS PER YLAR
past airship designs including their ao voune' |
original materials and engines. Their T "w
costs are presented as sclid lines in o= -

Figure 11 in cents per ton mile versus  #fim
their productivity per year. Both sin- A
gle airships and fleets of ten airships TS D
are presented. The curves indicate

the desirability of selecting airships of
increasing size over selecting many air-
ships of the same size for increasing
productivity. The operating costs pre- ,

\’ \\\—;Ttg L3
5 " ™~ ‘xg: nee
K‘ ~ E‘;&\ \;‘llﬂ!l(l

3

sented earlier Of the Single ai rShipS us- . PRODUCTIVITY, lllllb:: oF 1on -mmn‘:‘ o0

ing present materials and propulsion

systems also are indicated for refer- Figure 11

ence by the dashed curve. Effect Of Airship Size On Ton-Mile Costs
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Table IV - Direct Operating Costs - 2500 Mile Trip
Labor Hours And Labor Costs

Labor Hours Per Trip

Flight Crew (5) = 5 (Flight Hours + 2 Hours)

Maintenance Technicians = 10 (Flight Hours)

Ground Service Crew = 60 Man Hours, Loading-Unloading - Services

Labor Costs Per Trip And Per Ton Mile

’ur&'.
4

AR SN

rating Speed Flight Crew Maintenance Ground Service Total § Ton Mi, Cost
Ope Mgﬂp @$Fs/hr. av. @$10/hr.av. @ $7/hr. av. per trip per trip Ton Mile' Cents
51.5 3410 4350 420 8180 378,000 2.16 ¢
86.3 2320 2900 420 5640 300, 000 1.87 ¢
100 2020 2500 420 4940 252, 500 1.95 ¢

e

Material Dollais - Average For 10 Units

Spares Costs*¥** ¢

Total Materials,

Flight S}feed Fuel Costs*, ¢ Helium Costs**¢
Mp ton mile ton mile ton mile ton mile
57.5 0.71 ¢ 1.0 ¢ 1.89 ¢ 3.6 ¢
86.3 2.00 ¢ 0.85 ¢ 1.62 ¢ 4.47 ¢
100.0 3.20 ¢ 0.87 ¢ 1.68 ¢ 5.75 ¢

Material Dollars - Average For 100 Units

Spares Costs, ¢

Total Materials,

Flight Sﬁwed Fuel Costs, ¢ Helium Costs, ¢
MP ton mile ton mile ton mile ton mile
51.5 0.71 ¢ 1.00 ¢ 1.32 ¢ 3.03 ¢
86.3 2.00 ¢ 0.85 ¢ 1.13 ¢ 3.98 ¢
100.0 3.20 ¢ 0.87 ¢ 1.18 ¢ 5.25 ¢

*Fuel & Oil = 42¢/gallon. **Helium = 1 Volume/Yr. At $35 Per 1000 Cu. Ft.

Table V - Total Costs Per Ton Mile

2500 Mile Trips
Average Based On 10 uuits

*x*Spares Per Hr.
X 10-9 Initial Cost

Direct Costs
Flight Sl!)eed Investment Costs, ¢ TonMile , ¢  Total Costs, ¢
MP Ton Mile Labor Material Ton Mile
57, . ) . .
86.3 6.68 ¢ 1.87¢ 4. 47¢ 13,02
100.0 6.98 ¢ 1.95¢ 5.75¢ 14.7 ¢

Average Based On 100 Units

Direct Costs

Flight Sgeed Investment Costs, ¢ Ton Mile , ¢ Tolal Costs, ¢
MpP Ton Mile Labor Material Ton Mile
57.5 5.5¢ 2.16¢ 3.03¢ 10.7¢
86.3 4. 65¢ 1.87¢  3.98¢ 10. 5¢ \
100.0 4, 88¢ 1.95¢ 5. 25¢ 12.0¢

1500 Milz Trips
Average Based On 10 Units

Flight Speed  Investment Costs, ¢
MPH

Direct Costs
Ton Mile , ¢ Total Costs, ¢
Ton Mile

Ton Mile Labor Material
57.5 7. 40¢ 2.16¢  3.41¢ 12.97¢
86. 3 5. 84¢ 1.75¢  3.89¢ 11. 48¢
100. 0 5. 69¢ 1.72¢  4.48¢ 11.89¢

Average Based On 100 Units

Flight Speed  Investment Costs, ¢
MPH

Direct Uosts
Ton Mile , ¢  Total Costs, ¢

Ton Mile Labor Material Tou Mile

57. 5 5.20¢ 2.16¢  2.87¢ 10.23¢
86.3 4, 06¢ 1.75¢ 3.46¢ 9,27¢
100.0 3,98¢ 1.72¢ 4.07¢ 9.71¢
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One method of determining whether a vehicle is competitive for transporting cargo
in a new region is to compare its transportation costs versus the costs of develop-
ing an all weather highway and using standard highway vehicles. A short road, 100
kilometers, was chosen for comparison. All the costs for the road were charged
against the transportation system. As can be seen by the curves in Figure 12 the
annual investment costs for the road alone exceed the vehicle associated cozsts un-
til 100 million ton-miles of cargo are transported per year. Airship costs using
past and present materials and engines are indicated by solid and dashed curves
respectively. For productivity rates of less than 100 million ton miles per year
the airship is candidate transportation vehicle because of the annual road costs.

6,250

ANNUAL INVESTMENT COSTS FOR 100 KM ROAD
OF $6.25 MILLION/YEAR

1,000

AIRSHIP VOLUMES

e e ettt o

CENTS

100

ONE-0.2 MEG
ONE- 1.5

ONE - 2.8 MEGS——,

!
10 ONE - 10 MEG

TOTAL COSTS
ROAD +TRUCKING

0.1 i 10 100 1000
PRODUCTIVITY - MILLIONS OF TON MILES/YEAR,

Figure 12
Comparison Of Transportation Costs Considering Investment Costs

74 o ”ﬂfm_w\mmn - .. . i _

e

.

ey

R A Y Y 2

R > SN

e eI TR S i Ml S s

cadt GBS 4 A

S

RN e



S g veyR

P e v

CONCLUSIONS

The following conclusions were drawn from the results of the studies:

1.

Present materials and propulsion systems can meet the requirements of all
the basic airship designs investigated.

Use of present materials and power plants in these conventional airship de-
signs increases their productivity and makes them attractive candidates for
transportation missions, i.e.,

- all sizes are attractive where the regions infrastructure is undevel-
oped

- the largest size airship is attractive for transporting low density
cargo even where the regions infrastructure is developed
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AIRSHIP ECONOMICS

Richard D. Neumann*
L. R. "Mike" Hackney**

ABSTRACT: This paper will deal with projected operating
and manufacturing costs of a large airship design which
is considered practical with today's technology and en-
vironment., It will be based on data and information de-
veloped during an 18-month study by the Southern Cali-
fornia Aviation Council, Inc. as to the question of feasi-
bility, engineering, economics and production problems
related to a large metalclad type airship. It will pro-
vide an overview of other classic airship designs and
explain why metalclad was selected as the most prudent and
most economic design to be considered in the 1970-80 era.
Crew operation, ATC and enroute requirements will be
covered along with the question of handling, maintenance
and application of systems to the large airship.

Few of man's contrivances have held the continuer capaciity to awe

people as have the airships. Even today in the era of th: ~.7 2nd 747,
blimps are a main attraction in the sky. It is unfortu:.: ur
national approach for bigness is equated with expense anJt ~.c: .uakes

us lose sight of the economic advantages as experienced with the
supertankers, jet aircraft and industry.

It is well known that zupertankers of 200,000 tons are more cost pro-
ductive in movement of oil than a 20,000 ton tanker. In aeronautics,
aircraft were sold by economics and reliability starting with the
DC~3 which cost 5 cents per passenger mile, the DC-6 which cost 2.5
cents per passenger mile, to the present wide bodies which currently
operate at costs of 1.5 cents per passenger seat mile.

*Chairman, Lighter Than Air Committee, Southern California Aviation
Council, Inc., Technical Task Force, Pasadena, California, U.S.A.
**president, Hackney & Associates, and member Southern California
Aviation Council, Inc. Technical Task Force, Pasadena, California,
U.S.A.
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The air.hips left us almost 40 years ago, yet continually are pro-
posed on a cyclic basis. The span between those cycles becomes pro-
gressively shorter and commences with vast claims for its unique
abilities or economics. The massive problems of the past are elimi-
nated with the stroke of a pen and the all encompassing words "New
Technology."” While in some respects this may be true, claims are
damaged by half vast science fiction approaches to technology. As
the cycle advances, glowing magazine and news media reports issue
forth exclaiming in expansive phrases the benefits soon to accrue to
mankind, transportation, manufacturers, ecology, environment and pure
science.

There is perhaps no other man-made and conceived machine so capable
of generating such loyal support, boundless enthusiasm, deep emotion
and the utter lack of common sense of what it is and what it is not.
No other form of transportation has received so little financial
interest as the airship, except commercial sailing ships of recent
years.

In Germany Graf von Zeppelin, a man who had an idea and put it to
work, is the classic of achievement in the face of adversity. In.tial-
ly putting his own capital into his idea, something few will do today
in the most prosperous nation in the world, he gained some limited
success and ran out of money which is a common end to most dreams.

Two lotteries later, courtesy of the King of Wurtenberg, he develored
his first successful military financing. We may well wonder if Las
Vegas might not become the future financing empire for our aerospace
industry. It has certainly applied more imagination to attracting
things and doing things than many of our other sources.

Airships of the days gone by were victims of a variety of maladies
created as a byproduct of the violaticn of natural laws and planning
without adequate foresight. The airship holds a distinctive safety
record throughout its history .otaling 758 dead, of which 497 were
military combat fatalities. It is symptomatic of our society that
today we will spend 9 million dollars to burn the "Hindenburg" all
over again for a motion picture, to continue the wyth that airships
are unsafe, while funding for any aspect of airship technology cannot
obtain first class postage financing.

The world rose in outrage over environmental problems that affected
the health of all. It was a different story when it affected their
autos, fuel and pocketbooks. The airship appears to offer many unique
benefits in the environmental area without creating a cavity in the
national pocketbook. Railroads in the northeast were granted 2
billion dollars and it was recognized as being too little too late.
Safety in rail transport is almost non-existent with continued acci-
dents, falalities and licsses of property.

Within ten years almost 50 percent of all United States existing rail
trackage will be abandoned at the request of the Federal Department of
Transportation. Most of this will be in the agricultural sector of
the nation. Truckers are planning to pick up the slack at a prohibi-
tive price tag to ail of us who use the highways.

42

R



Plans have gone forward to build trucks which will comprise two or
three units, expanded from 12 to 14 foot widths and over 120 feet long.
In a very few years of this event, our national bhighway system will be
a sea of broken concrete from coast to coast. We will be forced to
fight for available roadway with these giants. Air vraffic and air-
craft have little to go before saturation points are reached and which
have already caused a high degree of public disaffection with security
checks, lack of parking, baggage losses and traffic delays at over-~
crowded airport facilities.

Similar to a truck traveling fixed highways that reach New York,
Chicago or Cleveland in the rush hours, airplanes must compete for
available air traffic roadways into the airport, or in reality the
furnel. It is here that most major accidents take place, both on the
road and in the air, and our system breaks down. It is here where
unimaginable future traffic jams will occcur. It is here that the
imagiaation of America's genius of industrial and scientific expertise
must concentrate. Additional airports can be built at a major incon-
venience to passengers and at a 1974 cost of 1.5 billion dollars for
an intercontinental and 500 to 700 million dollars for a regional air-
port. Additional freeways and expressways will be built with their
related massive population dislocations and at a cost of several
million dollars per mile of concrete.

Compare this to the potentials possible if we think in terms of air-
ships. Safety, a most important consideration, would seem to be
answered by the past record of airships when hydrogen was not involved.
With helium ore must consider the dramatic effects of a collision
between two feathers.

Engineering, design, construction, all questions continually raised
about the airship, are expanded upon tc a degree that is not con-
sistent with reason and logic as related to prcblems. Supertankers
today are lavger than what we would consider big in the average air-
ship. Costs certainly will be consistent with what is required to
engineer tankers of 200,000 tons or less.

Ability to serve and perform within economic and safety requirements
is possible. Have we lost our touch in the United States? Until the
airship we never let anything deter us from being a success. Signifi-
cantly the challenge could be picked up by other nations and credit
will go to their ingenuity and engineering. Germany, which proved the
concept, lost out only because of a little man who set the world un
fire.

Ask yourself, are the risks worth the gamble and do they justify the
development of the airship? Are arguzments made by many proponents
and opponents valid? Does the airship have the capacity to make the
quantum jump that is expressed so often? I(f it does, to what degree
does real potential exist?

Since the time the airplane has shown promise, California has been
interested in aviation and has helped develop it as a useful transport
means. The introduction by independent airlines of low cost coach
service has resulted in air transportation being our primary transport
industry after the private auto.
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Concurrent with the airplane, California was also the home of Lighter
Than Air development which commenced with Captain Thomas Scott Baldwin
and Roy Knabenshue's pioneering experiments with dirigibles in Pasa-
dena and the San Gabriel Valley. Their efforts resulted in a light-
weight aero engine being pioneered and a variety of dirigibles were
built, flown and tested on what is now the site of the Rose Bowl. The
relationship between aerospace and the military can be traced to
Captain Baldwin's sale of his airship "The Signal Corps" to the U. S.
Army a year before the Wright Brothers managed a similar purchase.

In 1911, Calbraith P. Rogers completed the first transcontinental
flight in a Wright flyer, the Vin Fiz, specifically making a landing
in Pasadena to collect a $10,000 award at the site of Tournament Park, re
the present location of Cal Tech. It was to California that Lindbergh

came to buy a Ryan monoplane specifically redesigned for the flight

to Paris.

In California the DC-3 gave birth to a long line of Douglas transports
and provided the competitive incentive that shrunk the world from
weeksg and days to hours. It was from California that man started his
first steps to the moon and space.

It seems, therefore, that after the years of controversy over the air-
ship, and its unique capabilities, that Californians will look into it.
They will determine that it was something that was overlooked much
like the gattling gun of 100 years ago, only to become a major weapon
again.

Based on the era of the airships and their successors, the blimps, it
appeared that the answers should be forthcoming and that a plentiful
supply of data and detail would be available. The Southern California
Aviation Council, Inc. founded in 1958, has pioneered major studies to
determine both the adequacy of existing airports, future needs and
regional considerations. It is a quasi-official volunteer organi-
zation based in Pasadena and is funded by county governments of
Southern California. Its charter is broad and permits it to act and
engage in any and all aspects of aviation which affect Southern Cali-
rornia.

In 1971 SCACI commenced a prograr. to seek better methods of moving

perishakle products. The Lighter Than Air Comwittze was a direct

result of the impasse in this area, to evaluate the vast claims being

made for the airship. Its purpose was to determ:.ne what data was

available and whether the airship holds a potential to solve -
California's transportation problems.

Early in the study it was apparent that much emotion as well as a lot
of misinformation was involved in any effort to examine Lighter Than
Air objectively. Federal interest in the subject was non-existent to
a surprising degree. Many comments made by federal officials iadicat-
ed a complete ignorance of the subject and characterized an attitude
that anyone investigating LTA was an immediate candidate for the lock-
up. One official characterized LTA engineering and development with a
bland, "Everything there is to know about Lighter Than Air was known
in the first 50 years of this century," and accordingly "It's a matter
for the Air Transport Association and the private sector." Many of-
ficials have indicated substantial interest, but ask that they not be
mentioned for what are obvious reasons. There is, however, government
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interest which could surface with efforts to provide sound and in-
telligeut approaches. As the effort continued adverse attitudes
diminished and genuine interest and outside help was gained. Many
organizations are interested in the subject.

The consistent factor associated with this interest is the wide
divergence of backgrounds that are represented and the lack of nos-

talgia as an attraction, put rather commercial and scientific interest.

Among this group are people who had backgrounds on the rigid airships,
the Navy blimps and indeed a few associated with the R-100 and R-101
of England, a former German pilot of World I who served several
hundred hours on the Bomber Zeppelins, military officers on active
duty, along with some very distinguished people in aerospace.

One immediate result was access to private files and obtaining data
that could well have been lust forever. Long forgotten papers and
designs were located. Films of airships were salvaged and materials
and artifacts catalogued for future examination. A reasonably firm
foundation to examine the engineering, design, economic and practical
aspects of the airship has been obtained.

Pertinent to any such examination, many claims by proponents are ill
conceived and unsuprorted by factual record and factual data. Many
problens associated with airships are products of imagination as well
as fact. Therz are other aspects of the airship overlooked and/or
glossed over by proonents, that have limited foundations which
require more examination. Expansive claims for pollution elimination,
fuel conservation and ultra heavy lift must be subject to critical
questioning though there is some credibility to many of the claims.

Before any honest evaluation of a program can be conceived and ad-
vanced there must ke determinations of the economics. S ACI produced
a major study on ths subject and economics involved. Taking 18 months
overall, conclusions support further exploration of the airship
concept. The quest:on of whether the airship will be developed must
be founded on the Lk:sis of its economic viability and operational
capabilities as a transport, military or logistics mode,

A conclusion reached by the Lighter Than Air Committee of SCACI is
that further feasibility studies are not required to substantiate
additional stuyding of the airship concept. It is SCACI's conclusion
that future activity inust be directed to a moderately sized research
vehicle investigation., SCACI believes a moderately sized vehicle of
at least 3.8 million cubic feet in displacement will provide the

basic criteria. This veh.cle's developmert should be, it is suggested,
a joint government/industry program to explore and develop the concept.

There are many factors related to the development of safe, efficient
and economically feasible airships. The factors relate not to the
airship itself, but to the systems applications which rmust be applied
tc make it practical.
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DECIDING ECONOMIC FACTORS

To provide a foundation for bacic economics of airships, certain
factors are known. There are classic type airships and advanced con-
cept types. Adding lately to the confusion is the addition of the
hybrid. The latter will not be covered for a variety of reasons, but
mainly it is suggested if you are going to build an airplane put wings
on it and fly it like an airplane. If it is to be an airship, efforts
to place wing and 1lifting foils are counterproductive, if one assumes
that all other problems have been overcome relating to gas expansion,
size and alt‘tude.

The development of airships and their history will be presumed to have ‘
been well covered. It should be noted that anyone interested in L
Lighter Than Air must become well versed in the history of the subject
as well as the past engineering accomplishments and mistakes. We
allude to girder/fabric airships of the 20's and 30's as evolved from
the basic Zeppelin concepts, tha pressure ships ¢f fabric and the
ZMC-2 and SMD-100 metalclads.

The Graf Zeppelin was witiout question the most successful airship.

American efforts ended in disaster, mitigated to some extent by the

use of helium, but nevertheless resulting in the loss of 3 of the 4

rigid airships. One, a German commercial design, ZR-3, was surveyed
for a combination of political and economic reasons well in advance

of its lifetime, long before being broken up.

The second most singularly successful rigid type airship was the
metalclad ZMC-2. It is given little credit for its achievements
because of its diminutive size and lack of general knowledge that it
was the first and only airship designed specifically for experimental
reasons. It developed necessary criteria and data for future larger
metalclad designs.

Early in the SCACI LTA Study it was apparent that to develop airships
on the basis of engineering of the 20's and 30's is doomed to failure.
Lying in wait are the same causes that eliminated the airship concept.
Examination of the fabric pressure ships indicates similar potentials
for failure with large sizes and indeed further examination disclcsed
that this was a primary cause of the cancellation of fabric pressure
airships by their single customer. Elimination of semi-rigid airships
is based on fabric ships if application of metal hulls was applied.

Any transport system's acceptance is controlled by the degree of
safety of the system and this applies to the airship. No airline
passenger would willirgly board a flight if the known odds were 8 to 1
against reaching the desired destination. As long as odds remain one
in 10 million in favor of his getting there, he will fly. This
standard is applicable to auto, rail, ship or bicycle.

The history of the rigid commercial airship lends confidence to
potential voyagers whether as crew or as passenger. The history of
pressure airships has a record of safety not achieved by any other
form of transport. There is an added factor, speed or the time and
distance factor. Sightseeing from a blimp is a desire of many people,
more than there is capacity to carry.
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Flying a continent or ocean is anotheyr matter, when measured in days
compared to hours by jet. The fabric airship is speed limited with
its maximum speed well under 100 miles per hour. The girder/fabric
rigid airship has the capability to reach 100 mph sustained speeds,
but its safety is questionable, and is sustained by results now re-
corded for history. low does technology overcome these factors which
are supported throughout transportation history?

One of the very early determinations by the LTA Committee ig that
regardless of design technology the rigid classic airship will retain
complete vulnerability to the elements. It was further indicated
that in gpite of the excellent capabilities of Cr. Eckener and his
associates, very capable training and excellent ability to handle
airships, that they were aware of thig failing. Every effort was made
to avoid major frontal conditions or risk destruction and potential
accidents. The fabric airship offers a better safety factor in t»is
regard, with some hard data remaining of very extensive Navy efforis
in 1958 to prove, and they did conclusively, that airships were not
fair weather vehicles.

SCACI efforts arc now directed toward examination o¢ all metal air-
ships, capabilities, safety and ruggedness. The ZMC-2 fully supports
the theory of metalclad airships. For general purposes it was small
and experimental. Unfortunately no civilian use was made to examine
its unique capabilities. It proved, however, the soundness of the
concept.

One man who sought to seek out and prove some of its rugged capabili-
ties, Captain Bill Kepner, later Lt. General Kepner of the USAF, in
1930 requested permission to operate the ZMC-2 in storm conditions

of the nature that destroyed the Shenandoah. Captain Clark, USN,
then in command of Lakehurst Naval Air Station, denied permission.
Even today General Kepner states that the 2Z)MC-2 was the strongest
airship ever built and certainly capable of taking on any major storm
without fear of destruction.

SCACI recognizes that there are many who will take umbrage at the
suggestion that rigid airships and fabric airships are limited and
cannot fulfill the claims, illusions or science fiction approaches
of many airship proponents. We recognize that a few will scoff at
the all metal airship as being impractical and not being in con-
formance with their ideas and proposals. Be that as it may, we can
only suggest that they study _he subject further.

To SCACI metalclad construes plastic and other space age materials
of lightweight and substantial strength., We have selected this path
because speed is a major criteria and the fabric ships cannot match
the speed demanded in modern day transportation. Life span is im-
portant and fabric cannot exceed an 8 to 10 year life at which point
its deterioration extends to a high danger point. Fabric is size
limited as was evidenced in the SPG-3W series, If airships are to
become viable they must be large by a factor of 20 over the SPG-3W
types.

47

nes 6L i Mol 2

e,

LN

PO

LY



E

.

I

[ XN

Girder/fabric airships consist of an internal structure which is
designed to carry all the aerodynamic, stress, torsional and payload
distribution. It was conceived to carry internal gas cells. Ex-
ternally, a fabric covered airship required both constant attention
and replacement and must be made taut after or during each trip.

W. A. Klikoff in his paper "Pressure Airships,"” presented at the Fifth
National Aeronautic Meeting of the ASME in Baltimore, Maryland, May
1931 says it better than SCACI can.

"Design Conditions and Factors of Safety” -- In the present

design of rigid airshirs a rather peculiar system of fac-

tors of safety is adopted. Factors of safety of 4 and -
higher are used for static loads, but when the aero- i
dynamic loads are superimposed, then the designers do not -
increase the structural strength in proportion to the

increase of load, but increase the structural strength

only to some excent which causes decreasing of the factors

of safety. This practice is justified by the fact that

conditions of superimposing both types of loading occur

less often and the effects of higher loads on the structure

will be less. For this reason airship designers are

satisfied to drop their factors of safety to as low as 2,

and sometimes even smaller for the worst loading conditions.

This method of design may give the operating personnel a

false sense of security, making them overconfident in che

strength of airships under normal flying conditions, and

in case of emergency they may treat the airship without

due caution, causing perhaps a breakage of structure and

severe disaster. Several airship accidents were traced to

this cause by some of the experts.

AND

This hogging bending moment and this longitudinal force
due to gas head pressure are present in all airships. In
rigid airships there exists another factor due to gas
pressure. Whereas in non-rigid types the transverse
component of pressure produces uniform transverse tcnsion
in the covering, in rigid airships this transverse com-
ponent acts as ¢ side load on longitudinals, complicating
their design by loading ther with side 1l0ad combined with
direct stresses due to the bending of the whole airship.
This loading condition of longitudinals tendz to explain
why gas pressure is often called a liability in the case
of conventional rigid airships.

AND

The gas-head pressures .lue to the properties of lifting
gas produce forces and moments reaching such magnitudes
that the airship designer should undoubtedly try to uti-
lize them as much as possible to his advantage. The
longitudine| force is the most helpful one because it
tends to produce a uniform tension throughout the
structure, and all materials uvsed in airships can carry
much higher tensile loads than compression loads."
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While Mr. Klikoff presented that paper over 4! years ago his analysis
is still correct. 21ll metal airships offer some unigue advantages to

the airship concepts operationaily and have substantial economic ad-
vantages in manufacture.

All metal airship designs are simple compared with others. Metal
airships will pay a penalty if sized too small. As they grow in
displecement d4nd size, advantages start to cutstrip those of other
typres. Metal is capable of resisting higher pressures and high
loadings. Fabric is limited. Metal such as aluminum applied to che
large metal airship costs 85 to 95 cents per square yard, while fabric
coste at least $10.00 per square yard.

Fabric airships must approach the investment and development deprecia-
vion costs on the basis of 8 to 10 years, while the metal airship has
no assigned minimum life span at this date. If the DC-3 is used as

a comnparative, the metal airship could take on eternal connotations.
The major advantage of the metal airship is that it can uniquely be
developed for high specad flight at speeds of 200 mph and higher.

A favorable economic aspect is that in aerospace we are metal workers
with resources, knowledge and capability to fabricate shell type
structures eccnomically through mass production techniques. One
factor of the metal airship is that its size, while posing some
problems also permits simplificatio' of construction methods.

The conclusiuns drawn by SCACI are that airship design, manufacture
and life-span if predicated upon metal designs, will be practical
from the economic, manufacturing and operational requirements. To
follow classic methods of the rast will be to place impossible
bardens in the path of develcpment and costs beyond comprehension.

ECONOMIC FACTORS OF AIRSHIP DESIGN, MANUFACTURE AND OPERATION
Jesign

While it is not readily available to researche:rs there is more than
adequate derian and engineering material available to eliminate the
necessity of starting from scratch on airship engineeri g. Sub-
stantial detalled ana'ysis of the 2MC-2 and follow-on engineering
projects for larger sized metalclads has Leen compiled and upgraded
at SCACI. Obviously each group that createcs a design idea will
incorporate their individual identity and engineering concepts. Some
diligent investigative and exploratory research will provide a bounty
of material. It is for the investigator to determinc his path to

follow as SCACI and its people have followed the path of the mctal
airship.

Approaching the subject with the large amourt of excellent data
available will permit reasonable approaches to deterrining projected
costs. Whether interested parties can obtain their objectives at
reasorable cost will be determined by their interest, persistcace and
ingenuity.
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It has been the style recently to seek funding for programs vnased on
double the estimated cost while hoping that it will not end up costing
triple the estimate. I{ is anticipated that some organizations may
use this approach. We would like to make, however, some suggestions
which we believe are valid with respect to manufacturing costs.

Airships were built for almost 40 years. The primary cost was fox
angineering and dassign, not fabrication or manufacture. A comment
was long ago made that airplanes breed like rabbits while airships
breed like elephants. History does not support such a conclusion.
Count Zeppelin and his organization y.cduced airships in World War
One at a faster rate than we can produce 747's or C5A's, time and
facilities taken into account. The later history of airship manu-
facture and fabrication after World War One indicated that every
airship built was constructed, erected and :nflated in what must
amount to record time for the small working crews involved. Goodyzar
employed fewer than 140 people, including engineers, when the ZR-4 and
ZR-5 were being built. Slate Airship employed a group of 40 people
and construction time was less than 100 days. The Zeppelin works
employed some pcople who were engaged in a variety of other tasks, as
well as airship construction. 2ZMC-2 was built with less than 40
people.

Methods exist and the investigator will find them if he "ooks. New
methods are being developed at present with indications of great
promise of short fabrication times and economies ¢of mass production.

Airship Tooling

Metal working tools are available in quantity which can readily be
applied to airship construction. Tooling is available at what amounts
to scrap metal prices. The airship does not require complicated and
sophisticated tooling set-ups. Tool and die makers will be necessary
for basic metal tooling ard are competent to do the job. Expensive

R & D tooling development programs are not reyguired. Even the hull
itself will not rec ire excessive expense in special tooling. Special
jigs will be fabricated by the erection crews and enginerring task
force from common materials. 1In short, the process of building and
maintaining airships requires far simpler tooiing than required by
fixed wing aircraft.

Airship Operations

There are known quantities in the airship which relate to operational
costs. Powerplant requirements and fuel consumption charts can be
developed with a reasonable degree of accuracy and be directly related
to costs per mile, per hour and per ton mile. Past practices of em-
ploying massive engineering crews will be eliminated in design
planning. Flight crew complements are suggested to consist of 2 men
on small units and 2 men on large units. Additional crew members
would be added as determined by flight time planning to serve as
relief crew members, as is done in current Air Carrier services today.
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The compacting of control consoles will relieve crew and pressure, a
major determining factor in fixed wing operations. Addition of
current navigational and communications electronics simply reduce
pilot pressure. The use of closed circuit monitoring systems allows
the flight engineer far more reliable systems operation and control
than is possible with on-board service personnel. Crew costs can be

projected accurately, taking into account time aloft, duty time, pay
raises and inflation.

Landing fees, facilities, ground suppor“ equipment, mooring and
handling equipment are all determinable quantities and only the
exercise of judgment is required. Future expense measured against
presently known expense will provide an index. The above are
calculable with reasonable accuracy.

UNKNOWN ECONOMIC FACTORS OF OPERATION

At present even with the best of educated guesses certain cost factors
will enter the picture, from commercial and military aspects that are
not projectable with a high degree of accuracy.

The cost of manufacture is directly related to depreciation schedules
and the cost of engineering. This cost while projectable if using
airframe manufacturers as an example, can vary considerably from
design discussion to actual delivery. Educated guesses are possible
but remain to be proven conclusively. They will be a major factor in
determining the economic viability of airships.

Major overhaul and servicing requirements may remain a partial unknown
until actual operations and several hundred thousand hours are accumu-
lated to provide basic data. Known factors relating to powerplants
are projectable with a high degree of accuracy. There may be some
unknowns related to hull overhaul and major section replacements as a
result of metal fatigue in some structures. Much of this can be
accurately estimated prior to manufacture, but there remains the
potential for error.

Airships, if commercial operation is considered, will pose some very
unusual insurance considerations. A projection was made based on the
experience of the Hindenburg. The SCACI projections may provide at
least a long needed starting point.

Helium Gas and Hydrogen Gas

Helium is recognized as being the safer alternative, although it is
believed that metal airships can operate with both gases with almost
equal safety. Helium currently costs $35.00 per 1,000 cubic feet,

FOB Kansas. Hydrogen can be obtained commercially in bulk at 65 cents
per 1,000 cubic feet at present. The lift factor, while a major
inducement to consider hydrogen is not as substantial an inducement as
the wide disparity between the costs of the gases. The fast breecder
reactor poses a potential to produce substantial amounts of helium as
a by-product. A cost determination to separate helium from natural
gas as opposed to the cost to separate it from radioactive particles
as a by-product has not been studied and is needed. It may prove that

helium will be abundant and cheap, a major consideration for future
airship economics.
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Hydrogen is a major economic consideration if it in part becomes a
fuel source for future airships. Consideration of such use has been
made, but not as related to costs and economics of airship operations.
It is another area of study currently underway at SCACI.

Carriage of ballast is a restriction pertinent to airships. Most sea-
going ships must operate in ballast after discharging their cargo.
This does not appear to pose a problem which cannot be eliminated from
operational considerations. It does not appear as significant a
problem as it has sometimes been represented. Considerable efforts
are being directed to this question. The primary question is economic
and carriage of balluast does not seem to pose major economic re-
straints on the airship.

The Purpose of Economics

For 40 years the arguements have raged and they show no signs of
diminishing or of being proven or dispioved. Evidence exists that the
airship can meet the economic tests necassary to include them in our
transportation system in day to day activity. Evidence also exists
that irships have proven less than durable in the face of adverse
weather.

In the United States every airship built differed significantly from
every other and the results ended in disaster. 7Tn Germany, airships
were built in series and achieved a high deygyree of suvccess both
operationally and economically. To continue to study the airship as

a concept will only further add to the confusion about what they are
and what they are not, what they can do and what they cannot do, what
they will cost and what a waste it would be to develop the concept.

In recent months indications are that several small airship designs of
impractical payload considerations may be constructed. This, while a
step in the proper direction, does not mitigate the many other
problems associated with airship potential or problem areas, if indeed
it does not further damage the image of airships conclusively.

SCACI believes the airship deserves development in the form of a
series of prototypes which can be adequately flight tested and can be
developed for special purposes. The design must be simple and utilize
the vast knowledge gained from the past combined with proven technical
developments of the last 40 years.

Some interesting hybrids have been proposed and may hold some promise
for future research but the prototype we propose has got to work and
that means maximum utilization of things we know right now.

Prototype development will be essential to a program to establish
learning curves of management, manufacture, design, systems develop-
ment, training and operational procedures and standards. Prototypes
must be considered as an expendable item to apply modifications and
newly gained knowledge and not be expected to solve all the problems
upon the first flight. This has too often been the case in the past.
Tnic rbjective is the present goal of the SCACI Lighter Than Air
Committee and its Technical Task Force. We hope the near future will
bring a realization of this goal.
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SOME ECONOMIC TABLES
FOR AIRSHIPS

Richard D. Neumann*

ABSTRACT: During the course of the Southern California
Aviation Council study on Lighter Than Air it was de-
termined that some form of economic base must be developed
for estimation of costs of the airship. The tables are
part of this paper.

During the course of the first study on lLighter Than Air by the
Southern California Aviation Council, In:. it was determined rather
quickly that little material was availahle to make a proper econnomic
determination of the airship. What does exist is fragmentary, cr
ancient and not applicable.

Application of construction techniques and manpower, materials, power-
plants and personnel if considered in current technology, would leave
the airship as only an anachronism. It was, therefore, essential to
determine some of the characteristics of the airship as it will be in

the immediate future and its method of manufacture, operation, and
administration.

*Chairman, Lighter Than Alr Committee, Southern California Aviation
Council, Inc., Lighter Than Air Technical Task Force, Pasadena,
California, U.S.A.
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The following tables were developed and used as guides to the overall
study of the airship's economics. We have not provided the entire
study since it is weighted by many conclusions of the SCACI group that
others may not agree with. In determining manufacturing costs the use
of cubic displacement was applied rather than cost per pound and ton
of airframe. The latter may also be acceptable and use of both could
provide an excellent cross check of the manufacturing economics.

Crew costs were not included because SCACI operations and flight
people have very definite ideas of what would comprise a crew and what
would not and these estimates would certainly not agree with what has
been past practice or suggested by airship proponents of late. GSA
and general operational practices are considered closer to seagoing
operations than to air transport, but this too may not agree with pre-
conceived ideas, and was not included.

We hope that these tables will act as a guideline and permit further
efforts to go forward to truly provide a reasonable economic basis
upon which the airship can be viewed objectively. One need only
remember that air *ransportation and global access in Lours has only
existed for the 16 years since the jet transport.

We have a long way to go in aviation and it may be fitting that the
airship will be among those future advances. Future passenger
exposure to the airship will certainly have a bearing on its future,
as profoundly as the ability of the jet to eliminate vibration and
give the feeling of living-room comfort at 450 mile per hour speeds.

It has been man's dream and also his major recessity to develop
transportation and communications as vital to his well being and sur-
vival. The airship appears to offer massive gains if it can bhe
adequately managed to reduce transportation costs measurably and at
the same time proviue greater operating frecedoms and access to cargo
or passengers than any cther form we use today, airplanes, truck,
ships, helicopters and barges.

Arguements over the questions of the handling, mooring survivability
and applications of the airship belie that innate ability that lies
rithin the aerospace industry worldwide to solve problems of immense
magnitude and achieve gr—at advances which have led to space, the moon
and now the galaxies. If the economics are correct or within reason
then it is necessary to get on with the job and prove it by an
operating product on which further refinements can be made and
determined.
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Possil fusls of JP-4,

Xaro base for turbine operation.
average .19¢ per C.A.B. Hoathly report.

Crew Reserve Crew,Yuel Payload Cost per Assumirg

As at 5-10-74, domestic cost per gallon

Agsunptions:
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& Res. Pusl 2000 St, Ton

weight-Tons Miles
— Pounds
18,000
"
"
5,000

Toms Pounds Weight

Weight Ueight Fuel

100MPH=20Nrs
200 PR=100rg
$0,000
15,000

Cost per 2,000 Mile
mile-St. Hangse:

------

Cost per

Hour
$
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z25

300

25

n

50
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A STUDY OF DESIGN TRADE - OFES

USING A CCMPUTER MODEL

Stephen Coughlin*

ABSTRACT: The paper is an extension of previous work
undertaken by the author. It studies the interaction
between the efficiency of the structural design and the
cost of the structure used; and shows that future effort
is best directed at producing a low cost structure of
medium efficiency, but with the ability to withstand
ncrmal service wear. The paper then goes on to study the
trade-olf between aerodynamic drag and structure wzight in
selecting a length to diameter ratio for the hull, and

to evaluate the implications cf power plan <ype and fuel
cost on the economics of the airshin. As a final study
the choice of lifting gas is considered.

Iacroduction
The develcpment of technological research into vehicles such as large
ai ships is in itself a compiex problem. Whil.* working on ''new"
v.hicles of this tvpe, the design engineer is unable to fall back upon
the benifits of past development a:.d operational experience. This
means that those responsible for directing the vesearch effort have a
problem in separating those areas of airship technology requiring
extensive effort from thnse that can be considered of little or no
importarce.

In ovrder to surmount this problem a cost model was deve.ioped at
Cranfield, which allowed us to study the impact of varying key design
par.meters. It permitted sensitivity analysis to be undertaken in
order to produce a simple ranking of problem areas.

* Pesearch Officer, Cranfield Institute of Technology, Cranfield,

England

PRECEDING PAGE BLANK NOT FILMED
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The results produced from the initial model were published in a
previous paper (ref 1), a summary of which is given in table 1.

% change in operating

__ cost
Parameter Initial Assumption -50% +50%
Altitude 3,000 ft -4% +4%
L/D 6. ~22% +22
s.f.c .47 1b/HP/hour -4% +7%
S.W .5 1b/HP -1% +0%
min te .06 inches -47% +70% ‘
F 1.27 +108%
Transmission
efficiency .85 -10% +12%
Max Speed/ .
Cruise Speed 1.1 -5% +27%
Utilisation 5,000 hrs +55% -14%
Gapirey” Ot | 108 -15% +17%
Vehicle life 10 years +46% -14%
Structure cost| £20,000/ton -40% +42%
Gas cost £30/1000 ft3 -4% +3%
Power plant | g20/HP -1% +35
Fuel cost £20/ton -3% +5%
Crew wages £140,000 -4% +4%
Maintenance 4% first cost -9% +9%
Insurance 1% first cost -3% 2%

* Ratio taken as 1

TABLE 1
A SUMMARY OF THE SENSITIVITY ANALYSIS PRODUCED IN REF 1

Structure of the Model

The earlier model has now been improved in those areas shown to be
critical in the previous study in order to provide greater clairi-y,
with the hope that it will show where future research would be best
directed. It must be stressed at this point that, although the
philosophy of the model is based upon a conventional desiga pricess,
the result: produced here are intended to illustrate critical areas
and Key variables rather than suggest an ideal design.
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A simplified diagram of the model is shown in figure 1.

The model

is structured to allow all the individual variables to be varied
independently or jo.ntly, to cater for 'trade-offs" to be studied.

The input to the model, once it has been set-up, is the route capacity

in tons/year, range in miles and the flight altitude in feet. The
speed is then determined for the lowest operating cost within the

constraints applied.

SCALE FOR HULL FORM

MAKE WEIGHT ESTIMATE

[

and

ESTIMATE SIZE

CALCULATE POWER REQUIREMENT

DESIGN SHELL

REESTIMATE WEIGHT BREAKDOWN

L

ESTIMATE COST

|

IF NOT MINIMUM CHANGE SPEED

IF MINIMUM

FIGURE 1

Decision Criterion

f

- MODEL STRUCTURE

The criterion chosen fo the evaluation was that of minimum fare

level for a set rate of return.

This was chosen on the grounds that

a freaight system is purely commercial, social inputs being small,
and the ultimate decision would therefore be or. commercial

possibilities.

Mecthod of Analysis Used

As all parts of the system are as yet undefined, it was necessary to

consider it in a mathematical form, representing each component as an
The form of the mathematical model so

input to the operating cost.
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produced was then optimised for minimum operating cost as follows:

A technology assessment techniqu- based upon Net Present Value

The net present value (NPV) of any project is given by

where

2 is a year in the projects life
n is the life of the project
Cs is the net cash flow
C. is the first cost
T is the interest on capital
If the cash flow is assumea smooth (ie there are no discrete

payments all are smoothed throughout the project's life
then the equation can be simplified to give

-n
NPV = Cf 1 - (1 +1)] — Co
T

Putting Ce = Cr - CC
and Cr =71 x F
where

Cr is the cash revenue/year

CC is the cach cost/year

T 1is the system capacity/year
and F is the charge per unit capacity/trip
gives -n

NPV = (TxF - CC) L - (1 +71) - Co

T
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as an optimum it can be taken that NPV = O, allowing the relationship

Be1 c, + C.
Tlr-a- r)']“
T J

This now provides a simple relationship between the cost of a system
in terms of its total first ccst (C.), its operating cost (C.) and its
fare level (F). (This is easily modifiad for systems that hdve
components with different book lives, but for simplicity in this
erxample, they have all been assumed constant).

Evaluation of Co and Cc
a) Considering the vehicle only;
The major first cost (Co) components are

1) Structure Cost
2} Lifting Gas Cost
3) Power Plant Cost

and the major annual cash costs (Cc) were assumed tc be
4) Fuel
5) Crew Pay
6) .Repairs
7} Insurance

Table 1 shows how these may be described in terms of vehicle

parameters
Function Of Major Parameters
Structure Cost Weight of structure W, u
Lift Gas Cost airship volume \Y
Power Plant Cost installed power . S, u
Fuel Cost fuel used S, u
Crew Pay assumed constant
Repairs assumed to be a C
Insurance percentage of first cost °

where W = size of airship
u = speed of airship
V = volume of airship = f(W)
S = surface area of airship = f(W)
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Hence all components of the vehicle are some function, in this

simple case, of vehicle size and speed.

Analysis of Vehicle only

Using this theory and inserting the necessary engineering relation-
ships, it was possible to derive an iterative technique (fig 1) that
gave a solution for the optimum design where

dF = 0
du

The Datum Situation

It is impossible in a paper like this to cover the full range of
For this reason a single specification has to be

options available.

chosen to act as the datum situation and, unless otherwise stated,
the assumptions shouid be taken as given in table 2.

The following is a list of the basic assumptions used in the
assessment, together with the justification for these assumptions.

Assumption Value
Tons/year 150,000
Range 1000 miles
Life 10 years
Operational altitude 5,000 ft
Length/diameter ratio 6.
Specific fuel consumption .47 1b/hp/hr
Specific weight of power plant .5 1b/hp
Minimum practical value of t, .06"
Reserve fuel 33%

Power plant cost £20/HP
Fuel cost £100/ton
Crew wages £140,000

Maintenance cost
Insurance cost
Interest on capital

TABLE ?

4% first cost

1% first cost

20%

ASSUMPTIONS USED IN STUDY

STRUCTURE

As a first step in the study a totally unconstrained analysis was
under:aken. Structures of vurious efficiencies and rarges of costs
were studied, the results of which are shown in figure 2. The
structura’ efficiency is rcflected by the equivalent shell thickness
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.20 1 'j’
50,000
15 /
OPERATING 40,000 STRUCTURE
COST COST £/TON
£/TON MILE .10 1
‘3 ‘e
20,000 i
.05 4« 0,000 .
10
25 CRUISE SPEEDS - MILES/HR
.02 .04 .06 .08

te - inches

FIGURE 2 UNCONSTRAINED SOLUTION
which is given by

te = Total Structure Weight x 12

Density of Duraluminium x Surface Area
te .is in inches and other units in pounds and feet

From figure 2 it can be seen that in the unconstrained situation the
results producad are trivial. The low equivalent thickness would not
have any resistance to hail impact or bird strikes of the lowest
magnitude. Those shells that do have higher equivalent thicknesses
are discounted by the low optimum cruise speeds associated with them,

which are incapable of providing an acceptable level of aerodynamic
stability.

The study was repeated with the solutions constrained fto a minimunm
speed of 50 miles/hour and a minimum equivalent shell thickness of .
.06 inches. This resulted in a set of solutions all of which lie

along one of the applied constraints. The results of this study are
shown in figure 3.

Analysis of figure 3 shows a number of designs all above the .06

inch constraint, but with speeds of 50 miles/hour. When these
solutions were studi:d in greater depth the structural efficiencies
which related to the designs were found to be so low as to make then
trivial solutions to the problem. This implies therefore that all the
useful solutions lie on the minimum equivalent thickness constraint
had optimum speeds increasing from 50 miies/hour to 70 miles/hour.

The speed increased linearly as the structure was used more e¢fficient-
ly from S0 miles/hour to some constant value, dependent upon the
structure cost assumed, the higher the structure cost the higher the
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> .20 ﬁ 1gm

- ////.10"

o .15 9 ,///// 09"

: OPERATING ///////

! COST 08" te

; §/TON MILE .10 4 /////

g ///////, LO7"

| ,/za//fz/azr,,,/wf”””’/’/’/f.06"

: .05 d

! :
i - — v - .
i 1 2 3 4 5
g STRUCTURE COST £000/TON

- FIGURE 3 CONSTRAINED SOLUTION

the steady state value of the optimum speed. The ieason for this is
that for cost effectivness the more expensive structures have to be
used more efficiently. Hence, to off set the increased cost of the
structure the design becomes smaller and faster, as structure cost
increases. Figure 4 shows the value of these steady state results
for optimum cruise speed.
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FIGURE 4 STEADY STATE SPEEDS
The Minimum Equivalent Thickness Constraint

From the results alrcady produced, it becomes apparent that the
equivalent thickness constraint is a key area. The production of a
light weight design which is also resilient cnough to withstand



-

rigorous service conditions is difficult. Experience in structures

of this type is completely lacking and the possibility of achieving

a minimum value of .06" is unknown. A value of .1'" has also been
considered, therefore, and the results ave included in figures 3 and 4.

Implications of the Structure Study

This study illustrates the unique problems of designing airship
structures. It shows quite clearly that high efficiency structures
have no major role to play in the shell design of conventional
airships, and the need is for practical scructures, the major
constraint being the ability of the structure to withstand general in-
service knocks. The future lies, therefore, in producing low cost
struct